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Anything that gives us new knowledge gives us an opportunity to be more rational. 


Herbert Simon (1916-2001) 


Pelvic floor dysfunction is a major healthcare problem, affecting millions of 
women throughout the world. Incontinence has a larger economic impact 
than many chronic conditions and diseases. One in every nine American 
women will undergo surgery for a pelvic floor disorder in her lifetime, with 
30 % of those women requiring additional surgical procedures for recurrence 
of the same condition.: Moreover, it is thought that the demand for surgery for 
pelvic floor disorders will increase by 45 % in the next 30 years. 

Evolving understanding on this subject and technological advancements 
has led to availability of a number of minimally invasive treatment options. 
The gap in knowledge base is keeping up with these techniques and their 
complications. The aim of this book is to provide a detailed insight into 
“when, why, what and how” of various minimally invasive surgical proce- 
dures for surgical management of SUI, OAB and POP. The goal would be to 
provide detailed diagrammatic/pictorial step-by-step description of the tech- 
niques and management of complications related to these procedures. Thus, 
this book is intended to be an up-to-date, one-stop reference for anything 
pertaining to MIT of these pelvic disorders. 

The book is designed for both urologist and urogynecologist treating 
patients with urinary disorders and pelvic organ prolapse. The utilisation of 
kits and devices has expanded; however, the training has lagged behind. 
There is a relatively large number of urologists and gynaecologists who have 
not undergone fellowship training, but due to the ease of the kits are entering 
the field of female urology, male incontinence and prolapse. This book could 
be a handy guide for them. Improving the quality of life without doing harm 
should be the goal of every physician or healthcare provider treating women 
with pelvic floor disorders. 

I would like to thank Dr. Mayank Agarwal for helping me put this project 
together and Dr. David Koslov for putting on the finishing touches. Kathryn 
Drinkuth, my able administrative assistant, kept me going. Most of all the contrib- 
uting colleagues have made this a reality and I owe them a debt of gratitude. 


Winston-Salem, NC, USA Gopal H. Badlani 
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Part | 


Introduction/Basics 


Basic Urologic History 

and Questionnaires and the Role 
of Imaging in Female Pelvic 
Medicine and Reconstructive 


Surgery 


Courtney Lee and Sandip Vasavada 


The initial evaluation of a patient with suspect 
urinary incontinence or pelvic organ prolapse 
should be quite detailed as there are many aspects 
to these disorders that tie in to other disease 
processes throughout the body. A complete and 
thorough history and physical exam will help the 
clinician optimize the correct approach to the 
patient, be it observation or more interventional 
approaches to management. 

Initial assessment of urinary incontinence and 
pelvic organ prolapse should evaluate a patient’s 
signs and symptoms in order to develop a differ- 
ential diagnosis, determine need for additional 
testing, and decide possible treatment options. A 
thorough history and physical exam is necessary 
for initial evaluation and subsequent testing 
should be based on clinical suspicion and treat- 
ment goals. 

Further tests should be considered if surgical 
intervention is planned, conservative therapies 
are not effective, or there is suspicion for pelvic 
pathology such as stone, cancer, or fistula. In 
addition, further testing is valuable if there is a 
prior history of pelvic surgery or radiation, recur- 
rent UTI, neurologic disease, voiding dysfunc- 
tion, significant prolapse, pain, or hematuria [1]. 
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Important in the assessment of both urinary 
incontinence and pelvic organ prolapse is an 
assessment of the impact of the pelvic floor 
disorder on the patient. Several questionnaires 
have been developed to assess the severity of the 
disease, the degree of bother from the disease, 
and the effect of the disease on quality of life. 


History 


Urinary symptoms should be evaluated in all 
patients with urinary incontinence and pelvic 
organ prolapse. Storage symptoms are symptoms 
that occur with bladder filling. They include 
urinary urgency, daytime and nighttime frequency, 
nocturnal enuresis, and urinary incontinence. 

A patient with urinary incontinence should be 
questioned about the duration of her symptoms 
and whether the leakage appears to be per urethra 
or per vagina. The severity of incontinence can be 
estimated by asking the patient about the frequency 
of incontinent episodes and pad usage. A micturi- 
tion diary, which will be described below, is use- 
ful to determine the severity of incontinence. 

The physician should attempt to determine the 
precipitating factors of incontinence in order to 
characterize the incontinence. Stress urinary 
incontinence (SUTI) is an involuntary loss of urine 
during physical activity; urgency incontinence is 
leakage of urine associated with urinary urgency; 
mixed incontinence is a combination of both 
stress and urgency incontinence. When a patient 
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complains of mixed incontinence, the physician 
should ask which type of incontinence occurred 
first and which is more bothersome to the patient. 

During questioning regarding urinary inconti- 
nence, patients may complain of continuous 
incontinence or insensate incontinence when the 
patient is unaware of urinary leakage. Patients 
may also complain of postural urinary inconti- 
nence, which occurs when the patient loses urine 
when changing positions. The exact mechanism 
of postural incontinence is unknown and will 
require further evaluation [2]. Bladder sensation 
during filling should also be assessed. Bladder 
sensation can be increased, reduced, or absent. 

Both urinary incontinence and pelvic organ 
prolapse can be associated with urinary obstruc- 
tion. Therefore, voiding symptoms, such as 
hesitancy, slow stream, straining to urinate, posi- 
tion-dependent micturition, and inability to pass 
urine, should be assessed. Patients with prolapse 
may also complain of a need to reduce the pro- 
lapse in order to void. 

Other urinary symptoms such as dysuria, 
gross hematuria, and a history of urinary tract 
infections are important to ascertain during a 
history for pelvic floor dysfunction. These symp- 
toms signify a need for additional tests to rule out 
pelvic pathology. 

Defecatory symptoms should be evaluated. 
A patient should be asked whether vaginal or 
perineal splinting is required to evacuate her bow- 
els. Constipation is relatively common in the com- 
munity. A meta-analysis showed the prevalence of 
chronic idiopathic constipation in North America 
is about 14 % [3]. It is more common in the elderly 
and in women and can be exacerbated by anticho- 
linergics used to treat OAB symptoms. A history 
of fecal incontinence should also be elicited. 

Patients with prolapse can present with a vari- 
ety of symptoms. The most common and spe- 
cific symptom of prolapse is the sensation or 
visualization of a vaginal bulge [4-9]. Several 
studies have shown that visualization or sensa- 
tion of a vaginal bulge correlates with the degree 
of pelvic organ prolapse [5—7, 9]. Women with 
pelvic organ prolapse are more likely to com- 
plain of pain and pressure in the lower abdomen, 
pelvis, and genital region [10]. While low back 
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pain is common in the community, this has been 
evaluated and thought to not likely be caused by 
pelvic organ prolapse [11]. 

Sexual symptoms should be assessed as part 
of the routing pelvic floor evaluation. Issues 
including dyspareunia, disorders of vaginal lubri- 
cation, and coital incontinence should be further 
evaluated. As such, coital incontinence can occur 
during penetration or orgasm yet the pathology of 
incontinence during sexual activity is likely mul- 
tifactoral. SUI is common in patients with leak- 
age during penetration and urgency incontinence 
tends to be more common in patients with incon- 
tinence describing leakage during orgasm [12]. 

One of the most effective adjuncts to the 
clinical office visit is the use of a fluid or voiding 
diary. This diary allows the clinician to assess the 
timing and amount of fluid intake as well as 
consumption of caffeinated and other bladder 
stimulant type beverages. Furthermore, the log 
can be used as an objective measure of a patient’s 
level of frequency and urgency and allows the 
physician to estimate one’s functional capacity. 
From the voiding diary the physician can calcu- 
late daytime and nighttime frequency, number of 
incontinence episodes, number of urgency epi- 
sodes, pad usage, total urine volume, maximum 
voided volume, and nighttime urine volume. It is 
a good quantitative measure of patients’ urinary 
frequency and incontinence episodes and can be 
used to track treatment. Perhaps it is most useful 
for patients who present with nocturnal symp- 
toms as it allows the physician to determine if the 
patient has nocturnal polyuria—a medical cause 
of nocturia. 

In addition, a good gynecologic history is 
necessary in pelvic floor disorders and will 
include obstetric and menstrual history including 
menopausal status. The medication list should be 
evaluated for hormone replacements, diuretics, 
and medications that can affect the urinary tract. 
Prior medical history should be evaluated for 
history of trauma, congenital abnormalities, 
pelvic radiation, neurological diseases, and prior 
history of treatment for incontinence and pelvic 
organ prolapse. A history of diabetes mellitus or 
diabetes insipidus may account for an increase in 
urine volume leading to urinary incontinence. 
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Diabetes mellitus may also cause an acontractile 
bladder and overflow incontinence. Prior surgical 
history should include prior hysterectomy, pelvic 
surgery, and past surgical treatment for inconti- 
nence or prolapse. 


Questionnaires 


Diagnostic questionnaires are administered as a 
tool to determine if a patient has a disease. 
Furthermore, it can provide a baseline measure- 
ment or assessment of symptoms prior to a 
planned intervention. Currently, two validated 
questionnaires designed for the diagnosis of 
OAB are used commonly: the overactive bladder 
awareness tool (OAB-V8) and the overactive 
bladder symptom score (OAB-SS). OAB-V8 is 
an 8-item patient administered questionnaire to 
identify men and women with bothersome OAB 
symptoms that may benefit from treatment [13]. 
This questionnaire is designed ideally for a 
primary care setting. The OAB-SS is a 7-item 
patient administered symptom score for men and 
women [14]. It has 4 items related to urgency and 
urge incontinence, and two questions related to 
nighttime and daytime frequency, and one gen- 
eral question regarding “bladder control.’ The 
OAB-SS does not address bother or quality of 
life issues but is designed to grade the severity of 
urgency using an urgency subscale. 

The questionnaire for urinary incontinence 
diagnosis (QUID) is a 6-item questionnaire to 
diagnose and differentiate between SUI, UUI, 
and MUI in women [15]. It has a stress and urge 
subscale. Patients with a stress subscale greater 
than or equal to 4 are more likely to have a diag- 
nosis of stress incontinence, and those with an 
urge subscale greater or equal to 4 are more likely 
to have a diagnosis of urgency incontinence. 
Those with both evidence of stress and urge have 
mixed incontinence. 

Urinary incontinence and pelvic organ pro- 
lapse do not cause significant morbidity or mor- 
tality in a majority of patients suffering from 
these conditions. The main effect of incontinence 
and prolapse is on a patient’s quality of life. 
Therefore, it is important to evaluate the effects 


of UI and pelvic organ prolapse on a patient’s 
quality of life at initial presentation and through- 
out a patient’s treatment course. 

Many of quality of life questionnaires have 
validated short forms with fewer questions to 
make them easier to use in a clinical setting. The 
short forms may also be beneficial in a research 
situation where patients are given numerous 
questionnaires. While there are a multitude of 
questionnaires available for use, several more 
common ones are highlighted below. 

The Bristol Female Lower Urinary Tract 
Symptoms Questionnaire (BFLUTS) measures 
the severity and bother of urinary incontinence 
and lower urinary tract symptoms in women [16]. 
It also evaluates the effects of lower urinary tract 
symptoms on quality of life. It consists of 33 
questions with 4 domains. The domains are 
incontinence severity, associated lower urinary 
tract symptoms, quality of life, and sexual func- 
tion. The BFLUTS-SF is a scored form of the 
BFLUTS with 19 items and 5 domains. 
BFLUTS-IS measures urinary incontinence 
symptoms, BFLUTS-VS measures voiding 
symptoms, BFLUTS-FS measures urinary stor- 
age symptoms, and the BFLUTS-sex and 
BFLUTS-QoL measure sexual symptoms and 
quality of life symptoms related to lower urinary 
tract symptoms [17]. 

The urinary distress inventory (UDI) and 
incontinence impact questionnaire (HQ) are 
paired measures that evaluate the bother and psy- 
chosocial impact of urinary incontinence in 
women. The UDI evaluates bother from urinary 
incontinence. It has 19 questions with 3 sub- 
scales: irritative symptoms, obstructive/discom- 
fort, and stress symptoms [18-20]. The HQ 
measures the psychosocial impact of urinary 
incontinence. It has 30 items with 4 subscales: 
physical activity, travel, social relationships, and 
emotional health [18-20]. The UDI-6 and IIQ-7 
are short forms of the UDI and IIQ [21, 22]. 

The Kings Health questionnaire is a 21-item 
questionnaire that evaluates the impact of urinary 
incontinence on a woman’s quality of life. It has 8 
domains which evaluates perception of severity of 
incontinence and the effect of urinary incontinence 
on general health, role, physical interactions, 


6 


social interactions, personal relationships, emo- 
tions, and sleep [23]. 

The overactive bladder symptoms and health- 
related quality of life questionnaire (OAB-Q) is 
an OAB-specific measure that evaluates bother 
and impact of OAB in men and women [24, 25]. 
This survey, which is validated for use in conti- 
nent and incontinent patients, has 33 questions 
with 2 parts. The first part evaluates symptom 
bother. The second part has 4 domains that evalu- 
ate the impact of OAB in areas of coping, con- 
cern, sleep, and social interaction. The OAB-Q 
SF is a 19 question short form of the OAB-Q with 
questions related to symptom bother and health- 
related quality of life [26]. 

The short form of the International Consultation 
on Incontinence Modular Questionnaire 
(ICIQ-SF) is a 4-question measure that evaluates 
symptom severity and bother from lower urinary 
tract symptoms in men and women [27]. The York 
Incontinence Perception Scale (YIPS) is an 8-item 
questionnaire that evaluates the psychosocial 
effects of incontinence in women [28]. 

Single question global measures can be used 
as a quick tool to evaluate a patient’s experience 
with urinary symptoms. A patient is asked to sum 
all the effects of a symptom to answer one ques- 
tion. These measures don’t allow a physician to 
determine specifics about a patient’s bother or 
quality of life, but gives a general impression 
how a symptom affects the patient. The Patient 
Perception of Bladder Condition (PPBC) is a 
single-item global index to evaluate the impres- 
sion of urinary problems in men and women with 
OAB. It is validated for use in both continent and 
incontinent patients with OAB [25, 29]. The 
Patient Global Impression of Severity is a single 
question global index validated to evaluate the 
severity of SUI [30]. 

Two commonly used questionnaires for the 
evaluation of health-related quality of life in 
patients with pelvic organ prolapse is the Pelvic 
Floor Distress Inventory (PFDI) and the Pelvic 
Floor Impact Questionnaire (PFIQ) [31]. The 
PFDI is a 61-item measure with 3 domains. The 
first domain is the UDI. It contains the aforemen- 
tioned UDI and 9 questions related to lower 
urinary tract symptoms in women with pelvic 
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organ prolapse. Similar to the UDI, it has 3 
sections: obstructive, irritative/discomfort, and 
stress. The second domain, the POPDI, has ques- 
tions related to pelvic organ prolapse. It is divided 
into 3 sections: general, anterior, and posterior. 
The CRADI (Colorectal and Anal Distress 
Inventory) is the last section. This portion helps 
evaluate lower bowel function and is divided into 
4 sections: obstructive, incontinence, pain/irrita- 
tion, and rectal prolapse. 

The PFIQ evaluates health-related quality of 
life and the affect prolapse symptoms have on a 
patient’s daily activities relationships and emo- 
tion. It is based off of the IIQ and like the PFDI is 
separated into 3 scales with 31 questions each: the 
IIQ, the colorectal impact questionnaire (CRAIQ), 
and the pelvic organ prolapse impact question- 
naire (POPIQ). Each scale assesses 4 areas of 
quality of life: travel, social, emotions, and physi- 
cal activity. Though intended to be administered 
in entirety, each domain in the PFDI and PFIQ is 
scored separately. The PFDI-12 and PFIQ-7 are 
short forms of the PFDI and PFIQ [32]. 

Quality of life and bother from defecatory 
symptoms can be evaluated by the CRAIQ and 
CRADI, which are domains of the PFDI and 
PFIQ that address lower GI symptoms. The 
Fecal Incontinence Quality of Life Scale is a 
29-item measure that evaluates the affect of fecal 
incontinence on men and women. It has 4 
domains: lifestyle, coping/behavior, depression/ 
self-perception, and embarrassment [33]. 

The Female Sexual Function Index (FSFI), 
the BFLUTS-sex, and the PISQ are three mea- 
sures used to evaluate sexual function in women. 
The FSFI is a 19-item questionnaire with 6 
domains: desire, arousal, lubrication, orgasm, 
satisfaction, and pain [34]. Though it can be 
administered to all women regardless of their 
sexual activity, the questionnaire is more appro- 
priate for sexually active women. 

The BFLUTS-sex is part of the BFLUTS that 
assesses sexual function in patients with lower 
urinary tract symptoms. The PISQ is a 31-item 
questionnaire designed to evaluate sexual func- 
tion in sexually active heterosexual women with 
urinary incontinence or pelvic organ prolapse [35]. 
It has 3 domains: behavioral/emotive, physical, 
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and partner related. The PISQ-12 is the short 
form of PIDQ [36]. 

Patient-reported outcomes are important to 
evaluate when performing outcomes research for 
pelvic organ prolapse. Two outcome measures 
for the medical treatment of OAB are the Benefit, 
Satisfaction, and Willingness questionnaire 
(BSW) and the Overactive Bladder Treatment 
Satisfaction Questionnaire (OAB-S). 

The BSW is a 3 question investigator adminis- 
tered tool for men and women with OAB [23]. 
The first question measures the patient’ percep- 
tion of benefit from treatment, the second ques- 
tion measures the patient’s satisfaction with 
treatment, and the final question measures the 
patient’s willingness to continue treatment. 

The OAB-S was developed to evaluate patient 
satisfaction with OAB treatment and is validated 
as a patient administered survey that evaluates 
patient satisfaction with pharmaceutical treatment 
for OAB [37]. There are 2 questionnaires: a 
21-item pretreatment instrument and a 41 ques- 
tion post-treatment instrument. The pretreatment 
instrument has 3 domains: OAB control, impact 
on daily living with OAB, and interruption of 
day-to-day life due to OAB. The posttreatment 
instrument contains the aforementioned domains 
and 6 additional domains that evaluate medica- 
tion tolerability, fulfillment of treatment expecta- 
tions, overall satisfaction with treatment, 
willingness to continue medication, and improve- 
ment in quality of life with treatment. 

The Patient Global Impression of Improvement 
(PGI-I) is a patient-administered single question 
global index validated for use in women follow- 
ing treatment for pelvic organ prolapse or SUI 
[30, 38]. The question rates the response to 
treatment. 

From the voiding diary the physician can cal- 
culate daytime and nighttime frequency, number 
of incontinence episodes, number of urgency epi- 
sodes, pad usage, total urine volume, maximum 
voided volume, and nighttime urine volume. It is 
a good quantitative measure of patients’ urinary 
frequency and incontinence episodes and can be 
used to track treatment. A fluid diary allows the 
physician to evaluate a patient’s fluid and caffeine 
intake. It also allows for measurement of polyuria 


and nocturnal polyuria, which are medical 
problems that can exacerbate lower urinary tract 
symptoms. 


Physical Examination 


A general exam should be performed that 
includes a patient’s height, weight, and BMI. 
Several studies have shown that obesity is a risk 
factor for urinary incontinence and pelvic organ 
prolapse [39—43]. 

A patient’s cognition and mental status are 
important to ascertain, as a direct correlation may 
exist in which urinary incontinence can be due to 
poor mental status and inability to prevent urina- 
tion when it is socially appropriate. It is also 
important to know a patient’s cognition when 
developing a treatment plan. Similarly a patient’s 
functional status, mobility, and hand function are 
factors that can affect both urinary incontinence 
and treatment decisions. A patient with func- 
tional incontinence that cannot physically get to 
the bathroom in situations of potential inconti- 
nence may not receive adequate benefit from 
therapies due to these mobility issues. 

A general exam usually includes abdomen and 
genitalia as well as a focused neurologic exam. 
During the abdominal exam, the patient’s abdo- 
men should be inspected for scars from prior sur- 
geries and hernias. An attempt should be made to 
palpate the kidney and bladder. During palpation, 
the abdomen should also be evaluated for a mass 
or organomegaly which can increase intra- 
abdominal pressure. The back should be exam- 
ined for costovertebral angle tenderness which 
could be a sign of urinary obstruction. If there is 
a suspicion for neurologic disease, the low back 
can be visualized for evidence of myelomeningo- 
cele, hairy patch, obvious scoliosis, or other spi- 
nal disease. 

The lower extremities should be evaluated for 
lower extremity edema that can lead to nocturnal 
polyuria and increased nighttime lower urinary 
tract symptoms. 

The main focus of the female incontinent or 
prolapsed patient is the vaginal exam which 
should be performed in the dorsal lithotomy 


8 


position initially. If the patient’s symptoms of 
incontinence or prolapse cannot be replicated in 
the dorsal lithotomy position, the exam can be 
repeated while the patient is standing. 

The gynecological exam starts with an exami- 
nation of the external genitalia: the clitoris, ure- 
thral meatus, vulva, labia, perineum, and anus. 
Estrogen status is evaluated. Estrogenized tissue 
is well perfused with thick epithelium, transverse 
rugae, and physiologic moisture. Atrophic tissue 
is pale thin and friable without rugae. During the 
examination of the external genitalia, evidence of 
irritation from urine such as excoriation, erythema, 
or skin breakdown should be noted. Urine within 
the vaginal vault should also be noted. Any dis- 
charge from the vagina or urethra should be 
observed and a vaginal swab for gonococcus, 
chlamydia, candida, bacterial vaginosis, or myco- 
plasma should be performed as clinically indi- 
cated. A bimanual exam can be performed to 
evaluate for other gynecologic pathology. 

The urethral meatus is evaluated for evidence 
of caruncle, urethral prolapse, or uethral mass. 
The urethra is palpated and the position of any 
tenderness, mass, or discharge per urethra upon 
palpation should be noted for further evaluation. 

While the patient is in dorsal lithotomy posi- 
tion with an empty bladder and the urethra 
exposed, the patient should be asked to strain or 
cough in order to elicit SUI on exam. If the patient 
has a history of SUI that could not be reproduced 
by the supine empty bladder stress test, the exam 
can be repeated with the patient standing. 

The bladder can also be retrograde filled to 
around 200 cc. Resistance to filling or a rise in 
water level during filling can indicate detrusor 
overactivity. After filling the patient is asked to 
Valsalva or cough in supine position. The test can 
be repeated while the patient is standing if incon- 
tinence is not elicited. 

Extra-urethral urine is suspicious for vesico- 
vaginal fistula, urethrovaginal fistula, or ectopic 
urethra. Location of fistula can be evaluated 
with a thorough vaginal exam, cystoscopy, and 
vaginoscopy. 

If a patient complains of leakage and the 
source is unknown, a pyridium pad test can be 
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performed to determine if the fluid is urine. If the 
patient is leaking urine, the pad will stain orange. 
Similarly the bladder can be retrograde filled 
with methylene blue or indigo carmine. A blue 
stained pad indicates a bladder source of fluid. A 
combination of pyridium and bladder dye is 
given to distinguish between a ureteric and blad- 
der source of urine. If the pad is stained orange, 
the patient should be evaluated for a possible ure- 
terovesical fistula. 

Urethral hypermobility can be assessed using 
a q-tip test. With an empty bladder, a q-tip is 
placed through the urethra to the area of the blad- 
der neck. The angle of the urethra to the vertical 
axis at rest and with Valsalva or cough is recorded. 
A straining urethral angle greater than 30° above 
the horizontal is considered positive for urethral 
hypermobility. Urethral hypermobility can also 
be measured by  cysourethrography and 
ultrasound. 

In 1995 the International Continence Society 
proposed the Pelvic Organ Prolapse Quantification 
system (POP-Q) as the standardized measure of 
pelvic organ prolapse [44]. The POP-Q exam 
should be performed on all patients complaining 
of urinary incontienence and pelvic organ pro- 
lapse. When recording the results of the exam, it 
is important to note the patient’s bladder volume, 
position of the patient, and whether the exam was 
performed during the cough or Valsalva. 

Using the hymen as a fixed point of reference, 
the position of points Aa, Ba, C, D, Ap, and Bp 
are recorded (Table 1.1). The genital hiatus, peri- 
neal body, and total vaginal length are also mea- 
sured and recorded (Table 1.1). Pelvic organ 
prolapse is then staged from stage 0 (no prolapse) 
to stage 4 (complete eversion) (Table 1.2). 

Two modifications of the POP-Q have been 
introduced. A simplified version of the POP-Q 
was developed by Swift et al. [45]. This version 
measures points Aa, Ap, C, and D. Stage 0 and 1 
are combined as stage |. Stage 2 is the same as 
the POP-Q system. Stage 3 is defined as vaginal 
eversion with some mucosa not everted and stage 
4 is complete vaginal eversion. 

The Pelvic Organ Prolapse Quantification 
Index (POP-Q-I) creates a continuous variable 
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Table 1.1 Pelvic organ prolapse quantification system 


Point Location Range 

Aa Midline of the anterior -3 to 3 cm 
vaginal wall 3 cm proximal 
to the urethral meatus 

Ba Most distal portion of the —3 cm to 
upper anterior vaginal wall total 
(from the apex to point Aa) vaginal 

length 

C Most distal edge of the 
cervix or vaginal cuff 

D The posterior fornix in 
patients with an intact 
cervix 

Ap Midline of the posterior -3 to 3 cm 
vaginal wall 3 cm proximal 
to the hymen 

Bp Most distal portion of the —3 cm to 
upper posterior vaginal wall total 
(from the apex to point Ap) vaginal 

length 


Distance from the middle 
of the urethral meatus 
to the posterior hymen 


Genital 
hiatus (gh) 


Perineal 
body (pb) 


Distance from the posterior 
aspect of the genital hiatus 
to the midanal opening 
Total vaginal 
length (tv1) 


Greatest depth of vagina 
when it is reduced to its 
normal postion 


Table 1.2 Short version of pelvic organ prolapse quanti- 
fication system 


Stage Definition 

0 No prolapse 

1 The most distal portion of prolapse is less than 
-lcm 

2 The most distal portion of prolapse is —1 to 1 cm 

3 The most distal portion of prolapse is more than 
1 cm but less than 2 cm smaller than the total 
vaginal length 

4 The most distal portion of prolapse is greater 


than total vaginal length minus 2 


for the measurement of pelvic organ prolapse 
[46]. Two values are calculated for each POP-Q 
point: the actual distance of the point from its 
original location and an estimate of the distance 
of the point to where the point will be in the case 
of a complete eversion. Value 1 is divided by 
Value 2 to create the index. 


Prolapse is best recorded as anterior, posterior, 
and apical prolapse. The terms cystocele, rectocele, 
and enterocele are misleading because it is difficult 
to determine on exam alone the organ underlying 
the prolapsed vaginal wall. Though digital evalu- 
ation of bowel contents in the rectovaginal sep- 
tum can help diagnose enterocele, it is difficult to 
distinguish between rectocele and enterocele on 
exam alone. 

In a patient with pelvic organ prolapse, it is 
important to test for occult SUI by asking a 
patient to Valsalva or cough while the prolapse is 
reduced. In addition, a rectal exam should be per- 
formed to evaluate for colorectal pathology such 
as hemorrhoids or a rectal mass. Fecal impaction, 
which can lead to lower urinary tract symptoms, 
can also be assessed. 

A neurologic exam should evaluate the 
patient’s gait, lower extremity sensation and 
strength, pelvic floor muscle strength, anal 
sphincter resting tone and contraction, perineal 
and posterior thigh sensation, and sacral reflexes. 
The sacral reflexes are the bulbocavernosus and 
anal reflex. In the bulbocavernosus reflex, the 
anus contracts after the clitoris is stimulated. In 
the anal reflex, the anus contracts after light 
stimulation of the anus with a gloved hand or 
Q-tip. The bulbocavernosus and anal reflex can 
often be absent even in neurologically normal 
women; however, their presence indicates an 
intact nerves between the conus medularis and 
the pudendal nerve. 

A urinalysis should be performed and used as 
a guide for further investigation. Patients with 
hematuria should be evaluated for bladder cancer 
as a cause of their lower urinary tract symptoms. 
Glucosuria can indicate diabetes mellitus, and 
pyuria or bacteruria can indicate bladder inflam- 
mation or urinary tract infection. 

A post void residual (PVR) may be performed 
on patient with prolapse, neurologic disease, or a 
possible diagnosis of urinary retention to 
measure the amount of residual urine in the 
bladder immediately following urination. The 
International Consultation on Incontinence states 
that normal sensate women with storage-specific 
symptoms and no risk factors for retention do not 
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require routine PVRs [1]. PVRs can be per- 
formed by straight catheterization, a portable 
ultrasound bladder scanner, or transabdominal 
ultrasound. 

Pad testing can be performed on patients with 
complaints of incontinence that cannot be exhib- 
ited on exam. During the test, women wear pre- 
weighed incontinence pads for a designated 
amount of time and the increase in pad weights is 
measured. A l-h pad test can be performed in 
office. The bladder is filled with a fixed volume 
of fluid and the patient is asked to perform set 
activities to create urine loss. The 24- and 48-h 
tests are performed outside the office. The patient 
wears pre-weighed pads while performing activi- 
ties of daily living. The pads are collected in a 
plastic pad and weighed after the test. The 24- 
and 48-h pad tests are more sensitive than the 1-h 
pad test, but can be more cumbersome to the 
patient [47, 48]. If clinically indicated, dynamic 
testing using uroflow or cystometry can be per- 
formed. This will be discussed in detail in the 
next chapter. 


Radiologic Studies 
Upper Tract and Collecting System 


An ultrasound is a good initial study because it is 
noninvasive and less expensive than x-ray stud- 
ies. The kidney can be evaluated for hydrone- 
phrosis, masses, and stones. It is not a good study 
to evaluate the ureters. 

An IVU or CT urogram is more expensive 
than an ultrasound and exposes the patient to 
radiation and IV contrast dye. Both studies are 
superior to the ultrasound at showing the anat- 
omy of the collecting system. Hydronephrosis 
and stones can be clearly evaluated. The anatomy 
of the ureter, ureteral obstruction, congenital 
abnormalities such as ectopic ureter and dupli- 
cated system, pathology such as ureteral injury 
and ureterovaginal fistulas can be seen. CT uro- 
grams are more commonly performed and have 
the benefit of showing the anatomy of surround- 
ing organs and tissues. CT is superior to IVU for 
evaluation of kidney masses. 
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Lower Urinary Tract and Pelvic 
Organs Imaging 


An ultrasound is useful for the evaluation of 
pelvic masses, gynecologic pathology, and 
bladder disease. Pelvic floor muscle structure and 
function can be evaluated. The degree of pelvic 
organ prolapse can be determined and the under- 
lying organs can be illustrated. The ultrasound is 
better than physical exam alone for the detection 
of an enterocele. Ultrasound has also been used 
to evaluate urethral diverticuli and visualize 
slings and vaginal mesh but is clearly operator 
dependent. 

Transabdominal ultrasound is not useful for 
the evaluation of pelvic organs due to shadowing 
from the pubic bones. However, the bladder 
volume can be measured with transabdominal 
ultrasound by measuring the height, depth, and 
width of the bladder. The equation is 
Height x Depth x Width x 0.7. 

Other methods for pelvic ultrasound include 
transvaginal, perineal, and introital. Perineal and 
introital views are used most often in the evalua- 
tion of pelvic organ prolapse and urinary 
incontinence. 

Urethral mobility can be illustrated by an 
assessment of bladder neck descent and urethral 
rotation. These are commonly measured using 
perineal or introital views. Bladder neck descent 
is estimated by the position of the bladder neck at 
rest and with Valsalva, and urethral rotation is 
measured by the axis of the urethra at rest and 
with Valsalva. Transanal ultrasound can be used 
for imaging of suspected anal sphincter defects. 

A cystogram and a CT cystogram are studies 
in which contrast dye is injected into the bladder. 
Images are obtained with a full bladder and after 
emptying for evaluation of a bladder injury or 
fistula. 

During voiding cystourethrography (VCUG) 
the bladder is filled with contrast dye and images 
are obtained during filling and voiding. A VCUG 
evaluates bladder and urethral fistulas, urethral 
diverticuli, vesicoureteral reflux, and distal 
ureteral anomalies such as a ureterocele. Cysto- 
urethrography can also evaluate ureteral and 
bladder neck hypermobility similar to methods 
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used during ultrasound. A VUCG is often com- 
bined with urodynamic studies of the bladder for 
a better understanding of lower urinary tract 
function and pathology. 

In positive pressure cystourethrography a 
catheter with a balloon at the bladder neck and 
urethral meatus is used to inject dye directly into 
the urethra, between the balloons in order to 
visualize a urethral diverticulum. 

A pelvic MRI has become the gold standard 
for the evaluation of urethral diverticuli. It gives 
good resolution of soft tissue in the pelvis and 
pelvic floor muscles and can add valuable ana- 
tomical information in the evaluation of complex 
pelvic organ prolapse. Though sometimes used in 
research for the evaluation of pelvic organ pro- 
lapse, it is an expensive test, which should not be 
used routinely for simple cases of prolapse. 


Summary 


In summary, the careful and close evaluation of a 
patient with urinary incontinence and prolapse 
usually can be done in an office visit with specific 
questions and a pertinent history and physical 
examination. The adjunctive use of question- 
naires can be useful for a research setting but 
even in routine practice, this may be helpful to 
discriminate different types of incontinence, pro- 
lapse or urinary or defecatory dysfunction and its 
correlated impacts on quality of life. Imaging, 
while useful in select cases, does not need to be 
performed unless clinical suspicion warrants 
additional studies. 
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Urodynamics: Indications, 
Technique, and Fluoroscopy 


Mayank Mohan Agarwal and Yogesh R. Barapatre 


Women with pelvic floor disorders present with a 
myriad of symptomatology. It may range from 
stress urinary incontinence and pelvic organ 
prolapse (POP), urgency with or without incon- 
tinence, to voiding/defecatory dysfunction or 
pelvic pain/dyspareunia. Initial evaluation is 
almost entirely clinical, i.e. a detailed history and 
thorough clinical examination; an ultrasound of 
kidney—ureter—-bladder—pelvis may be added (in 
my clinical practice, rather liberally) considering 
it an ‘extension of clinical examination’. 
Urodynamic assessment starts at this stage only 
in the form of bladder diary or the urolog. 

It must be understood at this point that urody- 
namic study (UDS) must not be performed for 
every patient with the goal of achieving a defini- 
tive diagnosis in one test. Initial treatment for any 
incontinence in women is behavioural, physical, 
and medical after non-invasive evaluation as 
described above. Invasive urodynamic evalua- 
tion, in other words a definitive urodynamic diag- 
nosis, is needed only when it would make a 
difference in the management. 
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Urolog 


The Urolog, is an extremely helpful, non-invasive 
tool to document the patient’s drinking habits and 
voiding patterns over a finite period of time. 
Often, it is the sole metric to initiate treatment. At 
the most basic level, a voiding diary is just what 
it sounds like: a schedule for going to the bath- 
room. For a 24- to 48-h period the patient records 
all fluid intakes, and measures and records all 
urine output, including frequency and episodes of 
leakage. These data are beneficial to the physi- 
cian because they clarify home voiding patterns, 
particularly in the elderly. They are often useful 
to patients as well because they provide a focus 
on the problem (feedback) and can serve as a 
baseline for treatment interventions such as 
behavioural training, bladder training, and 
pharmacologic management. This type of diary 
answers a lot of questions about bladder health 
and patterns, and creates a baseline picture of 
bladder control. A prototype of bladder diary 

used at our institute is given in Fig. 2.1. 

The following information can be readily 
interpreted from a comprehensive urolog: 

(a) Amount of urine passed in 24 h (polyuria); 
amount passed in nighttime (nocturnal poly- 
uria). It can be correlated with the pattern 
and timing of liquid intake. 

(b) Functional bladder capacity (normal/high/ 
low); whether passing relatively fixed volumes 
(hypersensate bladder) or highly variable 
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Drinks 


What? 


Urine 
How much How much? 


200 300 S 


Urine 
How much? 
(ml) 


. Choose a 3 days period 
to keep this record when you can 
Urine conveniently measure your voids. 
How much? . If you are unable to keep 
the diary for a 24 hour period, try 
to keep it for as many hours as 
possible. 


Drinks 


What? 


How much? 


. Include all voids, even if 


they occur in the middle of the 
night 


+ Underline each void 


accompanied by abnormal 
urgency (a sudden compelling 
desire to void which is difficult to 
postpone). 


. If you leak urine, please 
wear pad all the time during the 
days of bladder diary. Record the 


number of soaked pads you had 


to change during each day. Note 
your activity at the time of any 


leakage 


. Enter the following marks 
in the box when have an 


accidental leak of urine (even the 


slightest amount) — 
"U": because you could 


not make it to toilet. 
“S": during cough, 
‘sneeze, laugh, physical exertion, 


10-11 PM 
11-12 MN 


straining or activity. 
“W: without knowing. 
e Enter "P" in the box when 


12-1 AM 
1-2AM 


you feel pain which you think is 
related to your bladder (pain in 


2-3 AM 


lower belly, urinary passage, and 
pain on filling of bladder). 


3-4 AM 


. Mark the box you went to 


4-5 AM 
5-6 AM 


bed at night and you woke up in 
the morning finally. 


The information you provide on this diary will help us better understand your urinary symptoms. 


Fig.2.1 Bladder diary prototype. (Courtesy of Postgraduate Institute of Medical Education and Research, Chandigarh, 


India.) 


(overactive bladder). This would also help to 
determine appropriate fill rate during multi- 
channel UDS if required. 

(c) Quantification of urgency/incontinence/pain; 

the patient is asked to keep pads during the 
observation period. 
The diary would act as visual feedback for 
the patient for behavioural modification, 
scheduled/timed voiding, and judging 
response to therapy. 

The problem of a comprehensive bladder diary 

is patient-compliance. The following simpler 

modifications are often clinically used: 

(a) Frequency-volume chart—no record of 

fluid intake. 

(b) Micturition chart—no record of fluid intake 

or measurement of urine volume. 

Diary duration may be an important factor in 
terms of the reliability/representativeness of 
symptoms; longer diary duration is known to 
provide less variable diary data. Thus, a 7-day 
diary would be more reliable than a 3-day. The 
most appropriate duration of the test has not been 


(d) 


established. Whatever the duration, it would be 
preferable to have diary of a weekday and a 
weekend to evaluate for a ‘psychogenic voiding 
pattern’. Further details on various patterns on 
the urolog would be redundant here and can be 
found in appropriate text books. 


Uroflowmetry 


Uroflowmetry is defined as a measurement of 
rate of urine flow over time. It is easy to perform, 
non-invasive and requires little time and prepara- 
tion. It is reflection of the final result of the act of 
voiding and therefore influenced by a number of 
variables. These include effectiveness of detrusor 
contractions, completeness of sphincteric relax- 
ation, patency of urethra and, in females, adequate 
support of pelvic organs. It is very useful in 
selecting patients presenting with voiding dys- 
function for more complex urodynamic testing. 
It also provides an objective way of determining 
response to treatment of certain diseases, e.g. flow 
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after sling surgery. Since women are poor 
historians as far as LUTS are concerned, it is 
prudent to screen with uroflowmetry before 
undertaking invasive procedure for any pelvic floor 
dysfunction, whether incontinence or prolapse. 

Various types of uroflowmeters are available 
for measurement of uroflow, viz gravimetric, 
rotating disc, electronic dipstick, and integral 
trap magnetic type. Whatever type, it is important 
to conform to certain standardization require- 
ments. The International Continence Society 
(ICS) technical report [1] recommends a range of 
at least 0-50 mL/s for Qmax, 0-1,000 mL for 
voided volume, maximum time constant of 
0.75 s, and an accuracy of +5 % relative to full 
scale. Uroflowmeter can be, rather preferably, set 
up in a toilet where tension-free, conducive envi- 
ronment with adequate privacy can be arranged 
for a hassle-free void. 


Normal Uroflow Curve 


The flow curve is characteristically a bell-shaped 
curve (Fig. 2.2) whose Qmax is achieved within 
initial 1/3rd of total voiding time. The relevant 
quantitative parameters obtained from the free 
flow curve are Qmax, Qave (= voided volume/ 
flow time), flow time, voided volume, and post- 
void residual urine (ultrasound). 

Flow rate is affected by many factors, including 
volume, psychological inhibition, age, race, and 


Voided volume 


Y 
2 
© 
-= 
z 
2 
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Fig. 2.2 A typical normal flow curve showing various 
measurements 


abdominal straining. Volume is the single most 
important determinant of flow rates; therefore, it 
is imperative to mention volume with Qmax for 
correct interpretation. Flow—volume nomograms 
(Fig. 2.3) and volume normalized flow rates (cQ) 
are two ways to aid in interpretation [2, 3]. Since 
flow and volume share a quadratic relation, 
cQ=Q (max or average)/ y bladder volume 
(voided volume + postvoid residue). This value is 
considered to be a constant for a given individual 
for a given condition of outlet over wide range of 
volumes. We found the following values [median 
(interquartile range)] in Indian population. 

cQmax = 1.39 (1.14— 1.66) 

cQave=0.79 (0.62-0.96) 

We found this concept to be useful in our clin- 
ical practice akin to body mass index. 


Uroflow Curve Patterns 


Various abnormal flow patterns have been 

described (Fig. 2.4): 

e Supervoid/hypervoid: a peaked curve, high 
Qmax with short voiding time. Often seen in 
patients with bladder overactivity 

e Compressive obstruction: Qmax is reached 
early in the flow and then a prolonged tail 
continues 

e Constrictive obstruction: a box-shaped pla- 
teau curve 

e Intermittent curve: straining pattern 
In the presence of abnormal flow pattern with 

normal urethral calibration, usually invasive UDS 

will be the next logical step. 


Multichannel Urodynamics (UDS) 


Uroflowmetry is the final outcome of function of 
bladder and status of urethral resistance. 
Therefore, it cannot differentiate between detru- 
sor underactivity and bladder outlet obstruction. 
If further information is needed for management, 
invasive multichannel UDS would be required. It 
comprises pressure-flow analysis and urethral 
pressure profilometry (UPP) with or without 
fluoroscopic surveillance (video-urodynamics 


MAXIMUM URINE FLOW RATE (nis 


Qmax (ml/s) 


Volume (ml) 


Fig. 2.3 Flow—volume nomograms for women: (a, b) liv- 
erpool nomograms for Caucasian women, and (c, d) 
PGIMER nomograms for Indian women. (From Barapatre 
Y, Agarwal MM, Singh SK, et al. Uroflowmetry in healthy 


[VUDS]). The key component for pressure- 

measurement is a pressure transducer which con- 

verts mechanical energy into electrical signals. 
For urodynamic apparatus, technical recom- 

mendations of the Working Party of Urodynamic 

Equipment of the ICS have been published [1] 

and are available on its website (www.icsoffice. 

org). Briefly, the transducer requirements are as 

follows: 

e Pressure range—O—300 cmH,O 

e A sensitivity drift with temperature—less than 
0.1 %/PC 

e Linearity and hysteresis deviation—equal or less 
than +1 % over pressure range 0-100 cmH,O 

e Should be able to sustain an overload pres- 
sure of 1,500-5,000 cmH,0. The calibration 
should not change >l % once overload 
pressure is removed 
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AVERAGE URINE FLOW RATE (mis) 


VODIO VOLUME (mi) 


Volume (ml) 


women: development and validation of flow—volume and 
corrected flow—age nomograms. Neurourol Urodyanm 
2009; 28(8): 1003-9, with permission.) 


e A zero offset signal (a small electrical output 
from transducer in the presence of zero 
pressure) should not change >0.1 cmH,O/°C 
with temperature 
Multichannel UDS is always an embarrassing 

investigation for patients, since the woman’s pri- 

vate parts are exposed and touched. Therefore, no 
stone should be left unturned to put the woman at 
ease, so that she will tolerate the investigator 

‘staring’ at her introitus. Privacy should be 

respected at all times. 

As discussed above, UDS is required for 
further classification and quantification of cause 
of LUTS in patients presenting with incontinence 
and POP when it would make a difference in the 
management. A UDS is generally not warranted 
when presentation is purely prolapse symptoms, 
i.e. ‘something coming out’ with or without 
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Fig. 2.4 (a) A peaked pattern of hypervoider; (b) a stattaco pattern; (c) compressive obstruction; (d) straining pattern; 


(e) constrictive obstruction 


dragging in pelvis getting relieved on reposition- 
ing the prolapse. Similarly, it may possibly be 
omitted before midurethral sling surgery in a 
woman in menstrual age group presenting with 
pure stress urinary incontinence of moderate 
degree, and urethral hypermobility is demonstra- 
ble on clinical examination. However, scientific 
societies lack consensus on this aspect. 


Nevertheless, it would be preferable to under- 


take a UDS before surgical intervention in the 
following circumstances in women: 


Severe stress incontinence, previous pelvic 
radiation, previous anti-incontinence surgery. 
Overactive bladder symptoms, with or with- 
out incontinence, with or without stress 
incontinence symptoms. 
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Pves (1) 


Fig. 2.5 (a) Stress-induced detrusor overactivity in a 
woman presenting with pure SUI symptoms; (b) urethral 
relaxation type voiding pattern without significant rise in 


e Voiding difficulty associated with inconti- 
nence or POP. 

e POP associated with LUTS, 
in-continence. 

e Poorly definable or variable symptoms. 

e Associated with diseases which can affect the 
function of LUT/pelvic floor, e.g. diabetes 
mellitus, Parkinson’s disease, cerebrovascular 
accident, and prolapsed intervertebral disc. 
Various experts have suggested routine use 

of UDS before any anti-incontinence surgery, be 

it sling surgery for SUI or onabotulinum toxin 

A/sacral neuromodulation for urge inconti- 

nence. It not only provides useful information 


including 
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detrusor pressure during voiding in a woman with severe 
SUI without urethral hypermobility 


for understanding the condition of LUT and 
planning of treatment, but also helps in more 
informed counselling and prognostication. A 
significant minority of women presenting with 
‘pure SUP actually have detrusor overactivity 
and urethral relaxation type voiding pattern 
(without significant detectable detrusor contrac- 
tion) which may become unmasked after sur- 
gery (Fig. 2.5). Similarly, performing UDS in 
case of POP, both before and after reduction of 
POP before surgery may provide clue to occult 
stress incontinence and provide functional cor- 
relate to improvement (or not) in clinical 
symptomatology. 
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Table 2.1 Urodynamic description based on International Continence Society classification 


Storage phase 
1. Bladder function 


(a) Detrusor activity: normal/overactive 


(neurogenic/non-neurogenic) 2 


(b) Bladder sensation: normal/hypersensitive/ 
hyposensitive/absent 


(c) Bladder capacity: normal/high/low 
(d) Bladder compliance: normal/high/low 
2. Urethral function 
(a) Closure mechanism: normal/incompetent 
(b) Maximum urethral closure pressure 
(c) Urethral profile length 
(d) Leak point pressures (ALPP/DLPP) 


Advantages of UDS evaluation in women with 
incontinence: 

e Description of detrusor activity during filling. 
e Determination of bladder compliance. 

e Confirmation of incontinence and its cause. 

e Assessment of detrusor voiding function. 

e Assessment of degree of sphincter weakness. 
e Assessment of pelvic floor function. 

e Assessment of urethral function. 

Various classification systems exist for LUT 
dysfunction. Out of these, the ICS and expanded 
functional classifications provide the most rea- 
sonable platforms for understanding the patho- 
physiology of LUT dysfunction in a given patient 
and planning/prognosticating its treatment- 
outcome. A classification scheme used at our 
institute adopted from the ICS is presented in 
Table 2.1. 


Cystometry: Filling and Voiding 
(Pressure-Flow Analysis) 


A free uroflowmetry should be done before UDS 
as described above since it would be required for 
a combined interpretation. Patient should be 
seated comfortably on the urodynamic chair. 
Multipurpose UDS chairs are available some of 
which are also radiolucent and can be electrome- 
chanically made into various positions/heights 
(Fig. 2.6). The patient is placed in reclining posi- 


Voiding phase 
1. 


Bladder function 


(a) Detrusor activity: normal/underactive/acontractile 


. Urethral function 


(a) Normal/abnormal 
(b) Location of obstruction—from bladder neck 


(c) Degree of obstruction—Blaivas’ criteria, AG no. (?), 
DAMPF (?), Pura—Pves (max) 


tion which helps placement of catheters and 
electrodes. Alternatively, if a sophisticated chair 
is not available, placement of catheters and filling 
cystometry can be performed in supine position 
on a couch. Subsequently, she can be shifted to 
the micturitional chair for a voiding phase. Of 
course, this method is more cumbersome. During 
voiding the patient may be asked to be in sitting 
or squatting position (whichever is her preferred 
voiding position), the urethral meatus should be 
clearly visible and a light source like torch should 
be available for assessment of urinary leak. The 
latter is very important and we believe that it is 
more sensitive than a fluoroscopic contrast 
assessment of leakage. Three types of measure- 
ment systems (catheter-transducer) are available, 
i.e. fluid infusion system, air-charged system and 
catheter-mounted microtip-transducer. Of these, 
the former is most widely available system. 

A 6Fr double-lumen cystometry catheter is 
placed in the bladder and taped to the skin. Balloon 
rectal catheter (5—8Fr) is then placed; care is taken to 
place the balloon above anorectal junction without 
any kink in the tubing (Fig. 2.7a, b). The catheters 
are then attached to respective pressure transducers 
kept at the level of superior border of the pubic sym- 
physis. After flushing out air from the catheter-trans- 
ducer system, the transducers are zeroed to the 
atmosphere before starting the study. Surface 
Electromyography (EMG) electrodes (preferably 
button electrodes) are placed in the perianal region. 
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Fig.2.6 Urodynamic suite at our institution showing the Sonesta Stille radiolucent urodynamic chair, the Solar Silver® 
urodynamic apparatus (MMS International, the Netherlands) and (inset) ultrasound machine 


c 


Fig. 2.7 Fluid perfusion urodynamic catheters, (a) a 6Fr double lumen cystometry catheter; (b) an 8Fr single lumen 
perforated balloon rectal catheter with inserter; (c) a 7Fr triple lumen urethral pressure profilometry (UPP) catheter 


The common filling medium is sterile normal 
saline (0.9 % w/v). Alternatively, a diluted iodin- 
ated contrast medium is used if video-fluoroscopic 
surveillance is needed. It is important to calibrate 
the uroflowmeter to the density of the fluid used. 
Ideally, the fluid should be warmed to body tem- 
perature to avoid artefacts due to bladder irrita- 
tion at cold temperature. The filling is started at 
physiological rate which has been defined as 


1/4th of the body weight or less. Alternatively, a 
moderate fill rate (~SO mL/min) or ~10 % of 
functional bladder capacity (from bladder diary) 
can be used. Often, the first filling cycle may 
show artefacts due to rapid filling; therefore, it is 
prudent to repeat a filling-voiding cycle at the 
same sitting. To further allay anxiety and to 
develop a repo with the patient a light conversa- 
tion should continue throughout the procedure 
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Fig. 2.8 Irregular baseline of Pves and Pabd indicates continuous conversation between doctor and patient during the 
study. Cough response during filling and at the end of the study suggests good equivalence between Pabd/Pves 


and the following sensations are marked—first 
sensation, first desire, normal desire, strong 
desire, urgency (if felt), and maximum cystomet- 
ric capacity (Fig. 2.8). Any leakage associated 
with urgency/detrusor overactivity is marked. 

The following measurements are relevant in 
cystometry from the point of view of urinary 
incontinence: 


Detrusor Overactivity 
It is a urodynamic observation characterized by 
involuntary detrusor contractions of any ampli- 
tude during the filling phase which may be spon- 
taneous or provoked. It can be provoked by rapid 
filling, use of cooled or acidic filling medium and 
hand wash. The term ‘detrusor overactivity’ 
replaces the previous term ‘detrusor instability’ 
as well as its definition of at least 15 cmH,O 
amplitude. Detrusor overactivity is of two types 
as follows (Fig. 2.9): 
1. Phasic: with or without incontinence 
2. Terminal: single, involuntary detrusor con- 
traction, occurring at cystometric capacity, 
which cannot be suppressed and results in 
incontinence usually resulting in bladder 
emptying. 


It is not only important to be able to diagnose 
DO but also to quantify it. There have been 
efforts to develop indices of severity taking into 
account summation of all DO amplitudes or area 
under curve as a function of cystometric capacity 
(e.g. $ Pdet/MCC or Pdetauc/ MCC). However, 
unfortunately, none of these concepts have been 
standardized. 


Abdominal Leak Point Pressure 
Similar to maximum urethral closure pressure 
(MUCP), abdominal leak point pressure (ALPP) 
is a measure of obstructive quality of urethra in 
storage phase. It is defined as the intravesical 
pressure at which urine leakage occurs due to 
increased abdominal pressure in the absence of a 
detrusor contraction. A value <60 cmH,0O is con- 
sidered indicative of intrinsic sphincteric defi- 
ciency. It is measured at bladder volumes 
150-250 mL, preferably in upright position. It 
can be measured by either graded cough or pro- 
gressive Valsalva manoeuvre (Fig. 2.10). 

The latter is considered more representative for 
a couple of reasons, firstly there is no significant 
reflex pelvic floor contraction during this manoeuvre 
(unlike cough) and secondly the pressure rise is 
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Fig. 2.9 A filling phase multichannel UDS graph showing phasic as well as terminal DO in a patient with urge 


incontinence and obstructive voiding 
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Fig. 2.10 Leak point pressure measurement. (a) 
Abdominal leak point pressures in a patient with stress 
urinary incontinence—difference in CLPP and VLPP is 
notable; (b) Detrusor leak point pressure in a patient with 
voiding dysfunction after repair of complex vesicovagi- 


Pump speed: O mi/min 


nal fistula—this patient presented with bilateral hydro- 
ureteronephrosis with thick-walled bladder, which can be 
explained by high DLPP. Compliance in this patient had 
an active component suggested by a drop in Pdet on stop- 
ping flow 
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more controlled and graded and therefore more 

accurately measurable. It is based on the assump- 

tion that the 6—8Fr catheter present in the urethra 
does not change the measurements significantly or 
change the urethral disposition during stress. 

Although the technical aspects of measurements of 

ALPP have not been evaluated comprehensively, 

the ALPP value correlate reasonably with MUCP 

and in fact correlate more closely to the presence of 

ISD compared to the latter. During measurement, 

the leak is observed either directly at the meatus or 

using fluoroscopy; we prefer the former method. It 
has been found that ALPP and MUCP when con- 
sidered together are more predictive of ISD from 

the perspective of surgical results [4]. 

In case the investigator is not able to demon- 
strate the leakage with stress manoeuvre (the uro- 
dynamic stress incontinence; USI), there are 
various ways to demonstrate the same. 

(a) Remove the urethral catheter and ask to cough/ 
strain. Making urethra catheter-free removes 
however small obstructive effect of catheter 
(either mechanical or sphincteric spasm) 

(b) Spread the legs widely in standing position, 
one on the floor and another on a short stool. 
Spreading the legs tends to weaken the pel- 
vic floor support to the sphincter mechanism 
and therefore unmask the USI 

(c) Ambulatory UDS (vide infra) 


Bladder Compliance 

It indicates the status of accommodation function 
of the bladder. Normally the bladder should 
‘accommodate’ the urine/filling fluid without 
much rise in Pdet (<10 cmH,O) over filling vol- 
ume 300-500 mL. Therefore, the compliance, 
defined as maximal cystometry capacity/end fill 
Pdet (considering it zero at zero volume) nor- 
mally ranges from 30 to 50 mL/cmH,O. A com- 
pliance less than 12.5 mL/cmH,0O is considered 
risk factor for damage to upper urinary tracts. 
Sphincteric urinary incontinence in women hav- 
ing poor compliance (e.g. pelvic radiation, neuro- 
genic bladder) is a kind of ‘safety valve’ and 
therefore, it is of paramount importance to 
improve compliance before any anti-incontinence 
procedure. Compliance has two components, 
passive (interstitial tissue and collagen) and 


active (detrusor); only the latter component is 
sensitive to pharmacological interventions. 
Urodynamically, the two components of the com- 
pliance can be differentiated by stopping the fill- 
ing for about 2 min and watching for decrease in 
Pdet (and hence improvement in compliance) 
(Fig. 2.10b). 

Detrusor leak point pressure (DLPP) is a mea- 
sure of implication of poor compliance on upper 
tract drainage into bladder. Pioneered by Dr J 
McGuire in children with meningomyelocoele, it 
is defined as detrusor pressure in the absence of 
an active detrusor contraction at which urinary 
leakage occurs (Fig. 2.10b). DLPP >40 cmH,0 is 
associated with upper tract damage. 


Voiding Phase 

After completion of filling and stress phases as 
described above, the patient is asked to void into 
uroflowmeter with the catheter in situ. Some 
women would be habitual to void with variable 
amount of abdominal straining; however, the 
patient is encouraged to relax during voiding and 
avoid straining at all cost. This is to avoid arte- 
facts during the study and correctly measure the 
contribution of active detrusor contraction for 
voiding. This is important since a low Pdet dur- 
ing voiding (PdetQmax <12 cmH,O) has been 
associated with increased incidence of voiding 
dysfunction after midurethral sling procedures 
for incontinence (Fig. 2.5b). 

Diagnosis of bladder outlet obstruction in 
women is not as straightforward as in men since 
definitions lack standardization. Concept of blad- 
der outlet obstruction index and Abrams-Griffiths 
nomogram are not applicable in women. Various 
criteria have been laid down, as follows: 

(a) Massey and Abrams [5] defined BOO as the 
presence of two or more of the following: 
i. PdetQmax ->50 cmH,O0 
ii. Qmax—<12 mL/s 
iii. Urethral resistance factor (PdetQmax/ 
Qmax?’)—>0.2 
iv. Significant postvoid residual urine in the 
presence of i or iii 
(b) Defreitas et al. [6] defined BOO as the pres- 
ence of Qmax <10 cmH,0O in the presence of 
PdetQmax >25 cmH,O (odds ratio 28.62) 


26 


M.M. Agarwal and Y.R. Barapatre 


= Detrusor/flow plot according to Blaivas 


Options Print Help Close 


Ki 4 Om 


Pdet max 


° Severe obstruction 


Moderate obstruction 


Mild obstruction 
No obstruction 
1 


T 
40 50 


Free Qmax 
Free Qmax: 12 mls 


Fig.2.11 Pressure flow nomograms. (a) Blaivas-Groutz nomogram, (b) Schaefer nomogram 


(c) Blaivas and Groutz [7] developed detrusor 
pressure and free uroflow nomogram to pre- 
dict the presence and severity of BOO and 
found a good correlation between subjective 
severity of symptoms and nomogram grad- 
ing (Fig. 2.1 1a). 

(d) Schaefer et al. conceptualized obstruction co- 
efficient [OCO=PdetQmax/(40 + 2XQmax)] 
and developed pressure flow nomograms 
grading for BOO as well as detrusor strength 
simultaneously (Fig. 2.11b). This nomogram 
was initially validated for men. They recently 
suggested that the concept of OCO and the 
nomogram are valid for women as well [8]. 
Normal values for OCO are in range of 0.35 
for women and 0.56 for men. 


Urethral Pressure Profilometry 


This UDS is indicated when the clinician is 
interested in knowing the function of urethra. 
Similar to cystometry, urethrometry, or the UPP 
is performed both during storage and voiding 
phase. During storage, it is performed during rest 
as well as stress manoeuvres. 

A triple lumen 7Fr UPP catheter is placed in 
bladder, connected to appropriate transducers and 
fixed to an automated motor-driven puller. The 


catheter has three apertures, the one close to the tip 
for cystometry, one of the two proximal ones for 
urethrometry and third for fluid infusion (Fig. 2.7c). 


Resting UPP 


After 50-100 mL filling, the filling rate is 
decreased to 2—6 mL/min and puller is started to 
pull the UPP catheter at a predefined fixed rate 
(we typically keep at 2 mm/s). Once the urethral 
pressure aperture reaches functional bladder 
neck, the Pura graph shows an uprising pattern 
whereas the Pves continues to be at the baseline. 
In this way the pressure along the whole of the 
urethra is recorded. 


Maximum Urethral Closure Pressure 
Urethral closure pressure (Pclo) is defined as the 
urethral pressure over and above vesical pressure 
(Pclo=Pura—Pves) (Fig. 2.12). Understandably, 
it indicates the urethral resistance during storage 
and its maximum value (i.e. MUCP) indicates the 
occlusive quality of the urethra. Normally, it 
ranges from 40 to 60 cmH,O; a value of less 
than 20-30 cmH,0O is often defined as intrinsic 
sphincter deficiency and is associated with 
poorer surgical outcomes, particularly with 
suspension procedures. 
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Fig. 2.12 A resting urethral pressure profilometry of a woman showing calculation of maximum urethral closure 


pressure 


Urethral Relaxation Incontinence 

This is measured during resting UPP cycle. 
Previously known as ‘urethral instability’ it is an 
uncommon phenomenon, sometimes detected in 
women presenting with large volume urinary 
leakage without prior warning/urgency. It is 
defined as a fall of Pura >15 cmH,O during filling 
without concomitant rise in abdominal pressure 
or detrusor overactivity. Alternatively, maximum 
urethral pressure variation ratio of 33 % or more 
(AMUPX100/highest MUP) is considered indic- 
ative of this condition. It is not clear whether or 
not it is a variant of a prematurely activated mic- 
turition reflex, in which the rise in detrusor pres- 
sure due to an involuntary contraction is too small 
to see. According to the ICS, it is better to give a 
full description if symptoms are seen in associa- 
tion with a decrease in urethral pressure during 
cystometry. 


Stress UPP 

Once the static profile is taken, at approximately 
150-250 mL of filling the catheter is pulled just 
below the midurethra detected by a point just past 
the MUCP (vide infra). Stress manoeuvre is per- 
formed by cough or Valsalva (blowing in a balloon 
is simple technique) for calculation of pressure 
transmission ratio and ALPP. 


Pressure Transmission Ratio 

This is measured in stress UPP cycle. In a nor- 
mally continent woman with supported urethra, 
transmission of abdominal pressure to urethra is 
equal or greater than that to bladder in order to 
maintain continence. The PTR is defined as ratio 
of rise in Pura to rise in Pves during cough 
(PTR=APuraX100/APves). Care should be 
taken that during this measurement, the patient 
should not leak, since a fluid-bridge thus formed 
would transmit Pves directly giving false nega- 
tive result. As discussed above, normally it 
should be >100 %. A value less than 100 % in an 
incontinent woman is indicative of urethral 
hypermobility (Fig. 2.13). 

Bump et al. [9] found a PTR cut-off of 90 % to 
have a sensitivity and normal predictive value to 
be 97 %. Unfortunately, it has remained an 
orphan concept and its clinical relevance has not 
been evaluated in details. 


ALPP 

Another, possibly more accurate method is employ- 
ing the ‘fluid bridge’ principle of UPP (vide infra). In 
this, the urethral aperture of the UPP catheter is 
placed just distal to midurethra. The patient performs 
Valsalva manoeuvre or graded cough and deflections 
are observed in the Pves, Pabd as well as Pura graphs. 
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Fig. 2.13 Stress UPP graph showing measurement of pressure transmission ratio (PTR). Two points are taken, one at 
the start of cough and another at the peak (broken white lines). Difference in Pura as a percentage of Pves is PTR 


As soon as there is leakage, a fluid bridge is formed 
and the vesical pressures are transmitted to the 
urethral aperture. This point is recorded and cor- 
responding Pves is marked as ALPP (Fig. 2.14). 


Voiding UPP 

In the absence of standard criteria for diagnosis of 
bladder outlet obstruction, we have found micturi- 
tional UPP with or without fluoroscopic surveil- 
lance are quite helpful in diagnosis and localization 
of BOO. MUPP is performed as follows: 

Once the static and stress (if indicated) have 
been performed, the UPP catheter is pulled back 
to the bladder neck, marked by elevation of Pura 
over Pves and kept there. The filling CMG is 
resumed in standard fashion. Once voiding phase 
is started and micturition is initiated, the puller is 
given command to pull at a fixed rate (2 mm/s) so 
that the urethral pressure orifice negotiates the 
urethra recording the urethral pressures all along, 
in real time. Normally, there should be no pres- 
sure gradient in any part of urethra (i.e. Pclo > 0) 


except for a minor dip in Pura at the level of ure- 
thral meatus. Any pressure gradient >5 cmH,O is 
diagnostic of BOO and the point at which this 
happens marks the most proximal level of obstruc- 
tion (Fig. 2.15). 


Electromyography 


The measurement of electrical activity of pelvic 
floor muscles is performed to study the behaviour 
of the muscles during micturitional cycle (stor- 
age + voiding). In the evaluation of incontinence 
and voiding dysfunction in women, EMG activ- 
ity is helpful in indicating neurological intactness 
of the LUT and pelvic floor. It can be measured 
using needle, luminal or surface electrodes. 
Needle electrodes are inserted directly into the 
muscle in question (external urethral sphincter) 
and hence most accurate. However, in non- 
neurological conditions, this would be too inva- 
sive and painful for the information sought. Most 
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Fig. 2.14 Stress UPP graph showing measurement of where Pura shows a sudden rise indicative of formation of 
abdominal leak point pressures. ALPP (CLPP and VLPP) fluid-bridge (i.e. leakage) 
is defined as Pves at a point (solid vertical white line) 
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Fig. 2.15 Micturitional UPP (a) patient with obstructive fluoroscopy; (b) patient with stage II cystocoele with voiding 
nephropathy with incontinence—high pressure-low flow dysfunction showing high pressure-low flow voiding pattern 
voiding pattern indicative of BOO; however, MUPP did not indicative of BOO. It was localized by the MUPP (Pura-Pves 
show any obstruction (no Pura-Pves gradient) confirmed on gradient starting at midurethra) confirmed on fluoroscopy 
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Fig. 2.16 Electromyography electrodes: (a) concentric 
needle electrode, (b) vaginal sponge electrode, (c) surface 
electrodes 


of the information can be gathered by measuring 
activity of anal sphincter or puborectalis since 
these are easily accessible using surface and 
luminal electrodes, respectively (Fig. 2.16). 

We most frequently use perineal surface elec- 
trodes since these are totally non-invasive and 
offer maximum patient-compliance. The elec- 
trodes are placed on either side of anus as close as 
possible. At this location, fat is minimal even in 
obese patients and superficial part of external 
anal sphincter is adjacent. Neutral electrode is 
placed close to the other two electrodes in 
perineum. The EMG patterns in neurologically 
intact individuals are detailed in (Fig. 2.17). 

Since, surface electrodes measure sum of pel- 
vic floor activity, there are certain limitations, i.e. 
noise is more and amplitude of change in muscle 
activity is less, compared to an invasive needle 
electrode. It may be difficult to differentiate 
detrusor sphincter dyssynergia from increased 
pelvic floor activity from straining. 
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Ambulatory UDS 


The foremost indication of invasive UDS in a 
patient undergoing surgery for SUI is to be able to 
demonstrate the so-called USI, i.e. demonstration of 
leakage with increased abdominal pressure without 
any detrusor activity. In some cases, USI is not 
demonstrable in office UDS despite a suggestive 
history. Therefore, in keeping with the urodynamic 
principle ‘the investigation should be able to 
explain/corroborate with patient’s symptoms’, an 
ambulatory, or natural fill, UDS is indicated. 

It utilizes air-charged catheters or microtip 
transducer-catheters for measurement of pres- 
sures. The catheters are connected to a small por- 
table machine (Fig. 2.18) which the patient can 
hang conveniently. Three cycles are recorded: 

(a) Resting: patient comfortably sits in a chair or 
lies down 

(b) Stress: patient is asked to perform stress 
manoeuvres 

(c) Voiding: patient voids in natural voiding 
position in the regular toilet with/without 
uroflowmeter in complete privacy. 

Patient is asked to mark events or accidents 
during recording phase (e.g. leak, urgency, or 
pain). The recorded data is downloaded on a 
desktop for interpretation. 

Ambulatory UDS has 
surprises: 

(a) DO will be detected in almost every 
individual if recorded long enough 

(b) Poor compliance recorded on office UDS 
often turns out to be phasic DO 

(c) Voiding pressures in women are significantly 
higher than that recorded on office UDS. 

If after AUDS no incontinence can be demon- 
strated, then the patient should be told that sur- 
gery would not be wise when the cause of 
incontinence remains to be defined. 


revealed various 


Video-Urodynamics 


VUDS is considered gold standard for diagnosis 
of various voiding dysfunctions. It helps in 
delineating bladder outline and capacity, vesico- 


2 Urodynamics: Indications, Technique, and Fluoroscopy 31 


b 


e 


Fig. 2.17 (a) Progressively increasing EMG activity 
during storage phase; (b) cough response of pelvic floor 
activity; (c) reflex increase in EMG activity with detrusor 
overactivity; (d) EMG activity becomes silent just before 


detrusor contraction during voiding phase; (e) increased 
EMG activity of pelvic floor with abdominal straining 
during attempt to void. Blue lines represent Pves 
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Fig. 2.18 LUNA ambulatory urodynamics apparatus. 
(Courtesy of MMS International, the Netherlands.) 


ureteral reflux, position of bladder neck at rest, 
stress and during voiding, inspection of leakage 
during stress manoeuvre, the presence and loca- 
tion of BOO as well as status of anterior vaginal 
wall support. 

Despite the benefit, there are certain disadvan- 
tages and limitations. It involves an expensive 
and elaborate setup which may not be practicable 
everywhere and it is associated with radiation 
hazard. Moreover, delineation of bladder outlet 
may not be clear at times due to positioning. In 
our setup, we perform UPP as described earlier 
which is conclusive in most circumstances. 
Whenever fluoroscopic surveillance is required, 
we perform a cystourethrogram separately in our 
high power fluoroscopy and radiography suite. 

To summarize, simple non-invasive urody- 
namic investigations, e.g. urolog and uroflowm- 
etry are essential part of initial management of 
patients with pelvic floor dysfunction, and may 
even be sufficient in many individuals undergo- 
ing invasive treatment. Multichannel UDS should 
be used judiciously for its invasiveness, cost, and 
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inconvenience. It is best interpreted in real-time 
during the test; therefore, it is preferably per- 
formed in front of the treating team member. 
Whatever UDS investigation, it is of paramount 
importance to have clear urodynamic questions 
to be answered with each investigation and it 
must always be interpreted in clinical perspec- 
tive; ultimately, it is the patients who need treat- 
ment and not the investigation! 
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Female Stress Urinary Incontinence 


Retropubic Midurethral Synthetic 
Slings for Female Stress Urinary 


Incontinence 


Oussama El Yazami Adli and Jacques Corcos 


Female stress urinary incontinence (SUD), defined 
as involuntary leakage on effort, exertion, sneezing, 
or coughing [1], is a prevalent condition with sig- 
nificant impact on patient quality of life (QoL). 
About 18.3 million American women suffered 
from urinary incontinence in 2010, and almost 
50 % of them reported SUI as the primary or sole 
symptom, with a financial burden of over US $12 
billion a year [2, 3]. This number is expected to 
increase substantially as the population ages. 
Worldwide, the prevalence of female SUI ranges 
from 5 to 61 %, and its incidence is estimated to 
be 4-11 % per year [4, 5]. 

Tension-free vaginal tape (TVT®; Gynecare, 
Ethicon, Somerville, NJ, USA) was the first ret- 
ropubic midurethral synthetic sling (MUSS) [6] 
proposed to address defective suburethral sup- 
port, hypothesized to be responsible for the 
development of stress incontinence. Since then, 
the procedure has changed the perspective of SUI 
treatment and has become standard of care. It has 
several advantages, including a mini-invasive 
vaginal approach, short operation time, and 
hospital stay, combined with excellent short- and 
long-term results. 
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Department of Urology, McGill University, Jewish 
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Development of the TVT Procedure 


The retropubic MUSS procedure was first based on 
the work of Petros and Ulmsten [7] describing the 
“integral theory” as the basis of female urinary 
continence during sudden increases in intra- 
abdominal pressure through the vaginal 
connective tissue and/or pelvic ligamentous sup- 
port. In 1994, the “hammock theory” of DeLancey 
postulated the role of two elements, the sphincter 
and urethral support [8]. The supportive ham- 
mock under the urethra provides a firm backstop 
against which it is compressed during heightened 
abdominal pressure, preventing urine leakage. 

Retropubic MUSSs (Fig. 3.1) reinforce urethral 
support at the level of the pubourethral ligaments. 
Sling placement at the midurethra enables 
dynamic urethral kinking when abdominal pres- 
sure is amplified and provides continence without 
affecting the bladder neck. This has been well- 
demonstrated in sonographic and dynamic mag- 
netic resonance imaging studies [9, 10]. 

In its original description, the procedure 
involved sling positioning in a retrograde manner 
(bottom-to-top). Since then, several modifica- 
tions have been made regarding trocar passage 
and sling composition. 

Based on animal and clinical studies [11-14], 
most commercially available MUSSs nowadays 
are made from type I, macroporous, monofila- 
ment, uncoated mesh that is believed to be resis- 
tant to infection and inflammation (Table 3.1). 
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Fig. 3.1 Position of the retropubic tension-free vaginal 
tape 


Table 3.1 Commercially available retropubic slings 


Brand 

TVT® (Gynecare, 
Ethicon, Somerville, NJ, 
USA) 

Advantage® (Boston 
Scientific Corporation, 
Natick, MA, USA) 


SPARC® (American 
Medical Systems, 
Minnetonka, MN, USA) 


Lynx® (Boston Scientific) 


Approach Material 


Retrograde Monofilament 


Retrograde Monofilament 
Monofilament 


Antegrade 


Monofilament 
Multifilament 


Antegrade 
Anterior intravaginal 
slingplasty (Tyco 
Healthcare LP, Norwalk, 
CT, USA) 


Retrograde 


Interestingly, in a randomized controlled trial 
(RCT) on 100 female SUI patients, Rechberger 
et al. [15] reported similar cure and complication 
rates with both monofilament and multifilament 
meshes up to 18 months, but published no long- 
term data. 


Surgical Procedure 


We first describe a surgical technique inspired by 
the original bottom-to-top procedure, with some 
minor changes. The top-to-bottom approach is 
addressed thereafter. 


The TVT® kit consists of two curved needles 
attached to a 1.1x40 cm polypropylene mesh 
sling sheathed in plastic, with a detachable handle 
to facilitate retropubic passage of the needles and 
a guide to rigidify the Foley catheter. 

Although the original method emphasized the 
use of local anesthesia, most procedures are now 
performed under spinal or general anesthesia. 
Patients are placed in the dorsal supine lithotomy 
position, prepped and draped in a sterile manner. 
Perioperative broad spectrum antibiotics are 
administered, and appropriate anti-embolism 
precautions are taken, depending on hospital 
policy. An 18-Fr Foley catheter is placed in the 
urethra. 

Local anesthetics are infiltrated vaginally 
(10 cc on the side of the urethra up to the urogeni- 
tal diaphragm and 5 cc under the vaginal mucosa) 
prior to incision if the procedure is to be per- 
formed under local anesthesia. Anesthetics 
(20 cc) are injected in the suprapubic area as well 
as on each side of the planned skin incision site. 

A 1.5-cm midline vaginal incision is made, 
starting 0.5 cm from the external meatus of the 
urethra. Blunt dissection with Metzembaum scis- 
sors is undertaken in the paraurethral area 
between the vaginal mucosa and the pubocervi- 
cal, orienting towards the symphysis pubis. 
Special care must be taken to coagulate or com- 
press any bleeding. Dissection is advanced as far 
as the subsymphysial space with scissors or fin- 
ger through the incision. 

The guide is placed in the Foley catheter which 
is tented towards the ipsilateral side of trocar pas- 
sage to mobilize the bladder neck and proximal 
urethra away from the trocar path. The needle is 
secured to the handle, then placed within the 
paraurethral tunnel with the needle tip between 
the surgeon’s index finger in the vagina and the 
lower rim of the pubic ramus. Slow, controlled 
pressure is needed to bring the needle, oriented 
along the previously dissected path, through the 
urogenital diaphragm, the space of retzius and 
the rectus abdominal fascia, in close contact with 
the pubic bone, targeting the skin mark about 
1 cm from midline above the pubis (Fig. 3.2a, b). 
The skin is then breached with a scalpel, and the 
needle is externalized. The same procedure is 
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Fig. 3.2 Passage of the trocar in bottom-to-top fashion. 
(a) Schematic view of the path of passage from the vagi- 
nal incision through the urogenital diaphragm, the space 


followed on the other side. At this point, cystoscopy 
is undertaken to ensure bladder integrity. 

The sling is positioned suburethrally by pulling 
on the threads and adjusted. The bladder is filled 
with 250-300 cc of saline, and a cough test is 
performed. The tape is tightened accordingly, 
until only a drop of saline is at the meatus. The 
Metzembaum scissors are then placed between 
the urethra and the tape to avoid over-adjustment, 
and the plastic sheet is removed. The tips of the 
sling are sectioned at the level of the skin and 
retracted from the cutaneous plane. Hemostasis is 
verified, and the vaginal incision is sutured. A vagi- 
nal gauze pad is left in the vagina for 24 h. 

In the top-to-bottom approach, the suprapubic 
arc sling kit (SPARC® American Medical 
Systems, Minnetonka, MN, USA) contains two 
needles that are smaller than TVT® trocars. 
Prepubic incisions are first made 1 cm from mid- 
line on each side above the pubis, and the needles 
are passed from there onto the surgeon’s finger 
placed within the periurethral dissection. The 
mesh is attached to the needles by sliding dilating 


of retzius, and the rectus abdominal fascia in close contact 
with the pubic bone and (b) perioperative view 


connectors and withdrawn from the prepubic 
incisions. It is tensioned similar to the bottom-to- 
top approach. 


Results 
Efficacy 


TVT is the best studied and documented procedure 
among MUSSs. Table 3.2 summarizes the long- 
term outcome data. Cure rates up to 11.5 years 
are reported to be up to 90 % and are in the same 
order as those reported in initial, early trials [6], 
indicating effective maintenance over the years. 


Comparison Between Retropubic 

MUSSs According to the Tape 

Placement Approach 

Few RCTs comparing TVT® with other retropubic 
MUSSs have been published. Comparison of 
different bottom-to-top slings has revealed no 
significant differences [26]. Andonian et al. [27] 


38 


O.E.Y. Adli and J. Corcos 


Table 3.2 Results of retropubic midurethral slings in the literature 


Authors 


Nilsson 
et al. [16] 


Rezapour 
and 
Ulmsten 
[17] 
Reich 

et al. [18] 


Liapis 
et al. [19] 


Song et al. 


[20] 


Groutz 
et al. [21] 


Serati 
et al. [22] 


Abdul- 
Rahman 
et al. [23] 


Olsson 
et al. [24] 


Nilsson 
et al. [25] 


randomized 41 patients with SUI to either 
SPARC® or TVT® but did not find statistically 
significant differences in terms of cure rates and 
complications at l-year follow-up. Lord et al. 


Number 
of patients 


85 


49 


108 


65 


306 


52 


58 


12 


128 


Mean age Recruitment 
at surgery criteria 


57 


66 


63 


50.7 


62.4 


58 


54.4 


69 


Primary SUI 


Stress 
incontinence 
and ISD 


Unselected 
group 


SUI with stage 
1 cystocele 


SUI 


Urodynamically 
confirmed SUI 


SUI without 
ISD or POP 


Neuropathic 
bladder 
dysfunction and 
SUI 


SUI 


SUI 


Length of 

follow-up Testing Results Notes 

5 years Urodynamics 84.7 % cured 
QoL evaluation 10.6 % 

improved 
4.7 % failed 

4 years Urodynamics 74 % cured Failing patients 

QoL evaluation 12 % improved were over 70 
14 % failed years old with 
severe ISD 

7 years Urodynamics Objective cure Urge 

rate: 89.8 % incontinence is 

QoL evaluation Subjective cure the main reason 
rate: 82 % for 
13 % improved dissatisfaction 
4.6 % failed «he Ey 

7 years Urodynamics Cure rate: 80 % 
Failure rate: 
13.5 % 
7 years Urodynamics Cure rate: 23.2 % had 
QoL evaluation 84.6 % complications 
at 1-month 
follow-up after 
surgery 
10 years Questionnaire Subjective cure 54 % of 
rate: 65 % patients had 
Improvement: Concomitant 
12 % UUI 
Failure rate: 
23 % 

10 years Urodynamics Objective cure 
rate: 93.1 % 
Subjective cure 
rate: 89.7 % 

10 years Urodynamics 7 patients cured 2 patients lost 
(incontinence —_2 patients to follow-up at 
impact improved 10 years were 
questionnaire) 1 failed continent at 5 

years 

11.5 years Stress test, 23-h Objective cure 
pad test, rate: 84 % 
questionnaire Subjective cure 

rate: 77 % 
18 % improved 

11 years Urodynamics Objective cure 
QoL evaluation rate: 90 % 

Subjective cure 
rate: 77 % 


[28] and Tseng et al. [29] reported a higher cure 
rate and fewer short-term complications with the 
bottom-to-top compared to the top-to-bottom 
approach. Meta-analysis by Novara et al. [30] led 
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Table 3.3 Complication rates with the TVT procedure 


Number Bladder Voiding 
Authors of patients injury Bleeding difficulties 
Tamussino 2,795 2.70% 2.30% Not 
et al. [37] reported 
Kuuva and 1,455 3.80% 1.90% 7.60% 
Nilsson 
[38] 
Olsson 124 2.7 2.7 12.1 % 
et al. [24] 
Kristensen 788 6.6% 0.6% 56 % 
et al. [39] 
Pushkar 207 5.4% Not 5.9 % 
et al. [40] reported 
Tincello 437 2.1% 1% 2.1% 
et al. [41] 
Lleberia- 243 6.2% 16% 13.2 % 
Juanos 
et al. [42] 
Serati 63 2cases 0 0 
et al. [22] 


to the conclusion that the bottom-to-top procedure 
was more efficacious than the top-to-bottom 
mode, and similar results were published recently 
by Ogah et al. [31]. The long-term follow-up data 
of Heidler et al. [32] seem to endorse this 
conclusion. 


TVT Versus Other Procedures for the 
Treatment of Incontinence 

Meta-analyses of available RCTs suggest that 
retropubic MUSSs outperform Bursh colposus- 
pension in terms of postoperative cure rates, but 
colposuspension is associated with fewer periop- 
erative complications, shorter indwelling catheter 
duration and less long-term voiding dysfunction 
(30, 33, 34]. Similar success rates have been 
reported for both TVT® and fascial pubovaginal 
slings. 

Comparison of retropubic and transobturator 
approaches reveals that both have globally simi- 
lar postoperative outcomes. Sung et al. [35] and 
Long et al. [36] did not discern statistically sig- 
nificant differences in subjective cure or improve- 
ment rates, but the objective cure rate seemed to 
favor retropubic MUSS (88 % vs. 84 % for the 
transobturator approach) [31]. On the other 


Urinary Sling 
De novo tract erosion/ 
urgency Hematoma infections extrusion Notes 
Not 0.67 % 17.0 % Not 41 % of 
reported reported patients had 
concomitant 
surgery 
0.20% 1.90 % 4.1% Not 
reported 
21.2 - 7.2% 0 
Not 0.8 % 3.1 % Not 
reported reported 
8 % 9.1 % Not 0.5 % 
reported 
3% 2% 1.9 % 1.5 % 1-year data 
24.7% Not 4.5 % 4.1 % 
reported 
18.9% Not Not Not 10-year data 
reported reported reported 


hand, the transobturator route is linked with 
lower peri- and postoperative complication rates 
as well as shorter surgery time but with more fre- 
quent postoperative groin pain. 

Minimally invasive, synthetic 
slings appear to be as effective as retropubic 
MUSSs in the short-term but with fewer postop- 
erative complications (shorter operation time, less 
postoperative voiding dysfunction, and de novo 
urgency). However, quality of the evidence is 
insufficient because available trials and long-term 
data are lacking [31]. 


suburethral 


Complications 


Perioperative and postoperative complications 
after retropubic MUSSs are rare. Table 3.3 
summarizes the complication rate with the TVT® 
procedure. The risk of intraoperative complica- 
tions is not related to patient age, body mass 
index (BMI), or parity, but may be due to surgeon 
experience and previous prolapse or incontinence 
surgery [39, 40]. Long-term follow-up data do 
not disclose any signs of rejection or adverse 
tissue reactions to the polypropylene tape. 
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Perioperative Complications 

The bladder injury rate seems to be consistent 
in different series. Insufficient surgeon experi- 
ence, previous incontinence, and pelvic surgery 
are independent risk factors for trocar injury [39], 
which should be promptly recognized on periop- 
erative cystoscopy for correct application needle 
reinsertion. There is no need for primary closure 
or longer than usual bladder drainage, so that 
healing can take place without sequelae. Urethral 
injury is rare (less than 1 %) and should be 
repaired immediately [43]. 

Bowel injury is a rare complication that may 
occur during trocar passage in patients with a pre- 
vious history of abdominal or pelvic surgery [44]. 

The incidence of vascular injury, estimated 
to be 2.7-6 % with the TVT® procedure, is due to 
lack of direct pelvic vascular structure visualiza- 
tion during trocar passage. The risk can be mini- 
mized (but not entirely eliminated) by a good 
operating technique. Bleeding can be managed 
by vaginal packing or compression of the anterior 
vaginal wall directly against the symphysis pubis. 
Persistent bleeding indicates major vessel injury 
and warrants retropubic exploration. 


Postoperative Complications 

Voiding dysfunction may present as complete 
urinary retention, persistently elevated post-void 
residual (PVR) or bothersome and poorly charac- 
terized lower urinary tract symptoms with vari- 
able incidence, depending on its definition [45]. 
It may occur despite standard perioperative use of 
scissors contact to provide a space between the 
tape and the urethra. Preoperative voiding diffi- 
culties and concomitant prolapse surgery are 
independent risk factors for postoperative void- 
ing problems [46]. In case of complete, immedi- 
ate postoperative urinary retention, re-intervention 
within 48 h is strongly advocated to release 
tension. This procedure is easily performed under 
local anesthesia compared to delayed sling mobi- 
lization (after 3-4 days) which can prove to be 
extremely difficult. The options for patients with 
initially high PVR include long-term clean 
intermittent catheterization, suprapubic cathe- 
terization, and alpha-blocker pharmacotherapy. 
Insufficient improvement after 1 month should 
prompt transvaginal sling excision or urethrolysis, 
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acknowledging the significant risk of recurrent 
SUI symptoms [45]. 

De novo urgency, with or without incontinence 
episodes, is a significant problem after all types of 
incontinence surgery. The incidence rate after 
retropubic MUSSs ranges from 4 to 33 % [34, 
47-49], and the symptoms are reported to be as 
bothersome as preoperative SUI [50]. The origin 
of de novo urgency and its mechanism are unclear. 
Risk factors include old age, parity, history of 
cesarean section and recurrent urinary tract infec- 
tions (UTD, elevated detrusor pressure over 
15 cmH,O during the filling phase, and maximal 
detrusor pressure (Pyetmax) Of less than 28 cmH,O 
during the voiding phase on preoperative cystom- 
etry [51]. Antimuscarinics in this particular type of 
symptomatic DO seem to be less efficient in this 
than in idiopathic overactive bladder syndrome 
[34]. Urethrolysis with sling resection remains an 
option in the presence of obstruction. 

The incidence of vaginal extrusion and uri- 
nary tract erosion is reported to be around 2 %. 
Interestingly, Nilsson et al. [25] did not encounter 
any cases of tape extrusion/erosion on 11-year 
patient follow-up. Extrusion may be related to 
poor surgical technique, infection, or physical 
properties of the implanted material [45]. Large 
extrusions should be managed by excision and 
removal of the extruded sling segment, but simple 
observation could be an option for nonsexually 
active patients with small extrusions. On the 
other hand, urinary tract erosion is confirmed by 
endoscopy and must be managed operatively by 
scissors or laser transection of the intraluminal 
portion of the sling or by an open technique. 

The incidence of other complications, such as 
dyspareunia, is poorly documented, but must 
warn of possible sling extrusion. Surgical site 
infections are rare and occur mostly with multi- 
filament meshes. 


Special Considerations 
Mixed Urinary Incontinence 
Mixed urinary incontinence is defined as the 


involuntary loss of urine associated with the 
sensation of urgency and also with exertion, 
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sneezing, or coughing [1]. Up to 80 % of patients 
diagnosed with SUI report mixed symptoms [49], 
and these women may be difficult to manage with 
conservative measures alone. 

Several studies have described retropubic 
MUSS outcomes in patients, showing overall 
improvement of both stress and urge components 
[52-54]. Paick et al. [55] reported an overall cure 
rate of 81.9 % at mean follow-up of 10.9 months, 
and multivariate analysis disclosed that failure to 
cure urgency urinary incontinence was related to 
low maximum urethral closure pressure (MUCP) 
and the presence of uninhibited DO. Resolution 
of urodynamic DO after the retropubic MUSS 
procedure has been noted in 23—40 % of patients 
[56, 57]. Objective and subjective cure rates are 
encouraging in women with a predominant stress 
component and in those with equal urgency and 
stress incontinence than in subjects with predom- 
inant urgency [58]. In a systemic review of the 
published data, Jain et al. [59] found good cure 
rates of the stress component (85-97 %) and 
lower (30-85 %) and declining cure rates of 
urgency incontinence over time. 


Intrinsic Sphincter Deficiency 


Intrinsic sphincter deficiency (ISD), defined by 
objective urodynamic measurements of urethral 
function as MUCP of 20 cmH,O or less, or 
Valsalva leak point pressure (VLPP) lower than 
60 cmH,O [60, 61], is associated with poor surgi- 
cal outcome after urethral suspension procedures 
[62]. We strongly support the statement that, to a 
certain degree, ISD is always coupled with SUI. 
Most studies of retropubic MUSSs excluded 
or contained small numbers of patients with ISD. 
Thus, fewer series are available for analysis. 
Overall, the retropubic approach is effective in 
treating SUI and ISD, although the cure rates are 
slightly lower than those of SUI without ISD. 
Rodriguez et al. [63] did not detect a significant 
impact of various VLPP values on TVT out- 
comes. Rezapour et al. [64], who reported 4-year 
follow-up of TVT in ISD patients, obtained 
objective and subjective cure rates of 74 % and 
improvement in 12 % of patients, which are 


lower than the cure rates of SUI without ISD. 
Multivariate analysis of several observational 
studies failed to demonstrate ISD as an indepen- 
dent risk factor for surgical failure. Some authors 
suggested that the coexistence of poor urethral 
mobility and ISD may be associated with a higher 
surgical failure rate [65]. The failure rate with 
retropubic MUSSs remains lower than with tran- 
sobturator slings, as seen in two large, compara- 
tive, retrospective, and randomized controlled 
studies [66, 67]. Proper explanations remain 
unclear. 


Recurrent SUI 


Recurrent SUI may be related to the underlying 
mechanism in SUI (ISD) or inappropriate intra- 
operative tape adjustment. Management of these 
situations can be difficult. Clinical guidelines 
from the Society of Obstetricians and 
Gynaecologists of Canada call for conservative 
measures as the first-line modality in recurrent 
SUI [68]. However, such conclusions are mainly 
extrapolated from studies of primary SUI. 
Surgical options include bulking agents, abdom- 
inal urethropexy, artificial urinary sphincter 
(AUS), and repeat MUSSs. The success rate 
with bulking agents tends to decrease over time. 
The failure rate of Bursh colposuspension is 
55 % in patients with recurrent ISD without ure- 
thral hypermobility. The cure rates of AUS in 
properly selected patients are reported to be 
76-89 % [69-72]. 

Secondary retropubic MUSSs are associated 
with significant cure rates after retropubic or tran- 
sobturator synthetic sling placement. Objective 
and subjective cure rates in retrospective and pro- 
spective studies varied between 77.4 % and 62 % 
after median follow-up of 19 and 40 months, 
respectively [73-75]. It is noteworthy that all these 
studies exclusively or predominantly recruited 
patients with ISD. The repeat retropubic approach 
is significantly more successful than the repeat 
transobturator procedure (71 % vs. 48 %) with no 
increase in the incidence of complications compared 
to primary surgery, except for de novo urgency 
(30 % vs. 14 %, p<0.001). 
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Concomitant Pelvic Organ 
Orolapse Surgery 


The TVT procedure is more easily undertaken with 
a vaginal Pelvic Organ Orolapse (POP) approach 
than with abdominal surgery. The sequence of 
MUSS placement depends on POP procedure, 
but the tape should be adjusted after its comple- 
tion [76]. 

Despite limited follow-up in most published 
studies, the objective cure rate of urinary inconti- 
nence is between 84 and 94 % [77-80]. The ques- 
tion of whether or not to perform a TVT procedure 
for occult SUI at the time of prolapse surgery was 
addressed by Liang et al. [81] who reported a sig- 
nificantly higher rate of postoperative stress 
incontinence in women who did not undergo 
TVT® vs. those who did (64 % vs. 10 %). Ina 
Cochrane database review, Maher et al. [82] con- 
cluded that the addition of TVT to prolapse repair 
may reduce the incidence of postoperative urinary 
incontinence (relative risk 5.5, 95 % confidence 
interval 1.32—22.32), but needs to be balanced 
against possible differences in adverse effects. 


Retropubic MUSS in Obese (BMI >30) 
and Elderly (>65-Year-Old) Women 


Several small studies have evaluated the out- 
comes of retropubic MUSS procedures in over- 
weight and obese patients. Killingsworth et al. 
[83] reported no differences in improvement or 
complication rates between normal, overweight 
(BMI 25-29.9), and obese patients at 12-month 
follow-up. In another retrospective investigation, 
obesity did not appear to influence the rate of 
bladder injury or urinary retention after TVT® 
procedure [84]. On the other hand, in a study 
with median 5.7-year follow-up, Hellberg et al. 
[85] noted a decrease in the subjective cure rate 
between women with BMI less than 25 and those 
above 35 (81.2 % vs. 52.1 %). However, these 
obese patients were significantly older and more 
often suffered from diabetes mellitus and chronic 
bronchitis. There was no increase in the compli- 
cation rate between patient groups, depending on 
the BMI. 
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As for age, older women are more prone to 
ISD and mixed urinary incontinence than younger 
women [86]. The retropubic MUSS procedure is 
associated with decreased cure rates in elderly 
patients. Jun et al. [87] observed a decline of cure 
and improvement rates in elderly patients (over 
65 years old) vs. younger patients at median 
48.8-month follow-up (66.7 % vs. 80.2 % and 
3.3 % vs. 4.7 %). Hellberg et al. [85] compared 
patients older than 75 years with younger sub- 
jects. Older women more frequently had mixed 
urinary incontinence with inferior subjective cure 
rates than their younger counterparts (55.7 % vs. 
79.7 %), and a higher failure rate for the stress 
component over urgency symptoms. Adjustment 
for previous vaginal repair, incontinence surgery, 
and history of recurrent UTI did not alter the 
lower odds ratios for cure in these women. 


Conclusion 


Retropubic MUSSs represent standard care in 
female SUI. The procedure has the advantage of 
minimally invasive surgery (short operation time, 
ambulatory surgery) with excellent objective and 
subjective cure rates in all groups of patients on 
long-term follow-up. The complication rate is 
low, provided the procedure is performed in a 
standardized manner. 
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Stress urinary incontinence (SUI) is the most 
common form of urinary incontinence and is esti- 
mated to affect more than 13 million adult women 
in the United States [1]. Burch colposuspension 
and pubovaginal sling have been the most popu- 
lar surgical treatments for female SUI. The cure 
rate for the retropubic open suspension (includ- 
ing Burch colposuspension) at 12—23 months is 
82 %, and at 24 months and beyond is 73-76 %. 
For slings at the midurethra (transvaginal/retro- 
pubic technique), the estimated cure/dry rate is 
81-84 % [2]. 

The tension-free vaginal tape (TVT) procedure 
was introduced by Ulmsten in 1996 [3]. In an 
attempt to minimize the complications associated 
with the TVT technique, Delorme in 2001 devised 
and first described the Transobturator tape (TOT) 
technique [4, 5]. In the original description of the 
TOT by Delorme the tunneler needle is advanced 
through the skin overlying the obturator fossa 
towards the vaginal incision (outside-in). In 2003 
de Leval described an inside-out (TVT-O) tech- 
nique where the tunneler needle is advanced 
through the vaginal incision towards the skin 
overlying the obturator fossa (inside-out) [6]. 

The TOT is a midurethral sling. It reproduces 
the natural suspension of the urethra while 
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preserving the retropubic space. It replaces the 
pubourethral ligament, providing continence by 
creating functional kinking of the midurethra 
during increase intra-abdominal pressure and the 
associated rotational descent of the bladder neck 
and proximal urethra [7]. The TOT is a tension- 
free sling as the resting urethral angle is not 
changed by the procedure, nor is it necessary to 
correct urethral hypermobility [8]. This approach 
is more anatomically correct and poses no signifi- 
cant impact on voiding function [9]. Patients who 
undergo the TOT procedure have significantly 
lower rates of de novo urgencylurge incontinence 
than those who undergo other midurethral sling 
procedures as demonstrated by Botros and Juma 
in 2007 [10, 11]. 

In 2005 Delmas demonstrated that the ana- 
tomical course of the TOT avoids major neuro- 
vascular structures, and the anatomical structures 
crossed by the tape are muscles and fascia. 
It avoids femoral and obturator vessels in the 
thigh and pudendal vessels in the perineum [12]. 
Because of the nature of the procedure, major 
hemorrhage and bowel perforation are not 
reported in the TOT procedure [13, 14]. 

In 2006, Achtari demonstrated the course of 
the dorsal nerve of the clitoris (DNC) and the 
obturator canal in cadavers relative to the path of 
the tape in transobturator inside-out (TVT-O) and 
transobturator outside-in (TOT) procedures. The 
DNC passes beneath the pubic bone at a distance 
of 14.3 +4.7 mm of the midline. Given the course 
of the DNC along the medial aspect of the 
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ischiopubic ramus, he concluded the outside-in 
(TOT) technique may be safer [15]. Further, 
Hinoul in 2007 concluded that the inside-out 
(TVT-O) tape trajectory is subject to wider vari- 
ability than was originally postulated based on a 
study of the trajectory of the tape study in six 
fresh cadavers [16]. In 2007 Zahn demonstrated 
in cadavers that TOTs placed by the inside-out 
(TVT-O) technique were significantly closer to 
the obturator canal than with the outside-in 
(TOT) method, and the greater proximity of the 
inside-out method was noted in all dissections. 
This leads the authors to conclude the outside-in 
(TOT) technique results in the mesh being placed 
farther from the obturator canal and closer to the 
ischiopubic ramus, theoretically reducing the risk 
of neurovascular injury [17]. 

This minimally invasive midurethral sling 
technique (TOT) has become the standard proce- 
dure for the surgical treatment of SUI. Several 
studies in the literature have confirmed the feasi- 
bility, safety, and efficacy of this operation, 
[5, 11, 18-20]. 


Indications and Contraindications 


This minimally invasive midurethral sling tech- 
nique has become the most commonly performed 
surgical procedure for the management of female 
SUI. The TOT is indicated in the treatment of 
patients with SUI due to urethral hypermobility 
or mixed urinary incontinence with predominant 
stress component. The TOT may be performed in 
conjunction with pelvic organ prolapse (POP) 
repair and/or hysterectomy. The role of TOT in 
SUI due to intrinsic sphincter deficiency (ISD) is 
controversial. It may be used in the majority of 
patient with ISD and urethral hypermobility [11]. 
However, patients with stem pipe urethra (ISD 
and fixed urethra) are better served with a midure- 
thral retropubic sling or pubovaginal sling. 

The TOT is not indicated for patients with 
urge urinary incontinence (UUI) or mixed incon- 
tinence with predominant urge component. 
Patients, who undergo urethral diverticulectomy, 
urethral reconstruction, or repair of urethrovagi- 
nal fistula, should not have a mesh sling placed 
during the same procedure though a later sling 
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may be considered once the repair has healed. 
Great caution should be exercised in patient with 
Parkinson’s disease, Multiple Sclerosis, and 
Myasthenia Gravis because of the increased 
functional urethral resistance due to detrusor 
sphincter dyssynergia or pseudo-dyssynergia. 


Transobturator Tape 


In evaluating the efficacy of a surgical procedure 
in the treatment of patients with SUI, dry rates 
are the ideal outcome and a precise end point. 
However, dry rates do not equate with, nor are 
they necessary for patient satisfaction. Patient 
satisfaction rate is as important outcome measure 
as it encompasses patient overall perception of 
outcome and not merely dry rates. The functional 
efficacy and patient satisfaction with the outcome 
of TOT in the treatment of patient with SUI have 
been demonstrated in several retrospective as 
well as prospective randomized controlled trials. 
In 2007, Juma reported 90 % subjective resolu- 
tion of SUI in 130 women who underwent the 
TOT procedure at a mean follow-up of 
16.85+4.68 months [11]. Several series have 
reported similar success rates for the TOT proce- 
dure in the treatment of SUI [18, 19, 21, 22]. de 
Tayrac reported a 1-year cure rate of 84 % with 
the TOT procedure, and in a series of 117 patients 
with a median follow-up of 16.3 months, Spinosa 
reported subjective complete and partial satisfac- 
tion rates of 92.3 % and 4.2 %, respectively [18]. 
Abdel-Fattah in 2011, demonstrated that TOTs 
have good patient-reported and objective success 
rates at 1 year of follow-up in women with previ- 
ous failed incontinence surgery [23]. 

Several studies have demonstrated the subjec- 
tive and objective cure rate of TOT is similar to 
pubovaginal and midurethral retropubic slings. 
In a study of 104 women with SUI, the condition 
was “cured” in 81.8 % of cases in the TVT group 
and 83.7 % in the TOT group, and improvement 
occurred in 10.9 % and 10.2 % of cases, respec- 
tively [24]. In a study comparing the retropubic 
and the TOT slings, a total of 597 women were 
randomly assigned to a study group; 565 (94.6 %) 
completed the 12-month assessment. The rates of 
objectively assessed treatment success were 
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80.8 % in the retropubic-sling group and 77.7 % 
in the transobturator-sling group. The rates of 
subjectively assessed success were 62.2 % and 
55.8 %, respectively [25]. In a review and meta- 
analysis of 12 randomized controlled trials that 
compared TOT with TVT, and 15 that compared 
TVT-O vs. TVT for treating SUI; the subjective 
and objective cure of TOT was similar to TVT. 
For TVT-O, the subjective and objective cure was 
also similar to TVT [26]. Another study demon- 
strated that the cure rate for TVT, TVT-O, and 
TOT in three groups of women were 90.9 %, 
92.3 %, and 91.1 %, respectively [27]. In a study 
comparing the TOT and TVT-O techniques and 
involving 341 women who completed 1-year fol- 
low-up, the patient-reported success rate was 
80 % with no statistically significant differences 
between the groups. The objective cure rate was 
91 % with no statistically significant difference 
between the groups [28]. 

In the author’s opinion, the TOT is effective in 
the majority of patients with ISD. The reason for 
success of the TOT in patients with low VLPP is 
due to the fact that not all these patients have a 
fixed urethra. In fact most of these patients have 
some degree of urethral mobility albeit less than 
that seen in patients with higher VLPP. The 
placement of a transobturator midurethral sling 
will correct the problem in the majority of these 
patients. Such a benefit cannot be achieved with 
similar success in patients with fixed urethra. In a 
series of 130 patients, we demonstrated the func- 
tional results and patient satisfaction of the TOT 
procedure in patients with VLPP <60 cmH,0 are 
comparable to the results of the procedure in 
patients with VLPP>60 cmH,0 [11]. In another 
study, Valsalva leak point pressure, maximum 
urethral closure pressure, and urodynamic stress 
incontinence were the only urodynamic vari- 
ables consistently associated with objective fail- 
ure on multivariate analysis. It is the author’s 
opinion that patients with low Valsalva leak 
point pressure, and low maximum urethral 
closure pressure have a higher failure rate irre- 
spective of the technique used. This was demon- 
strated in a study by Nager of the value of these 
urodynamic parameters, where no specific cut 
point was determined for predicting failure 
for Valsalva leak point pressure or maximum 
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urethral closure pressure. The lowest quartile 
(Valsalva leak point pressure less than 86 cmH,O, 
maximum urethral closure pressure less than 
45 cmH,O) conferred an almost twofold 
increased odds of objective failure 1 year after 
transobturator or retropubic midurethral sling 
[29]. In yet another study, multivariate analysis 
demonstrated a low maximal urethral closure 
pressure of <30 cmH,O was the only indepen- 
dent predictor of failure in patients who had pre- 
viously failed incontinence surgery [23]. In a 
study of 145 subjects to compare TOT with TVT 
in patients with low maximum urethral closure 
pressure. A cut-off point of 42 cmH,0O for preop- 
erative maximum urethral closure pressure was 
identified as predictor of success in the entire 
cohort. In this study though, subjects with maxi- 
mum urethral closure pressure of 42 cm or less 
H,O, the TOT subjects were nearly six times 
more likely to fail than TVT subjects [30]. 

One of the important and not well-recognized 
advantages of the TOT as compared to other 
midurethral sling procedures is the lower rate of 
de novo urgency/urge incontinence. The low inci- 
dence of de novo urgency/urge incontinence 
observed in our series [11] is consistent with 
what has been reported by others including a 
review and meta-analysis of 12 randomized con- 
trolled trials [18, 26, 31, 32]. Roumeguere 
reported only 2.5 % de novo urgency [30], and 
Spinosa reported 0.85 % de novo urge inconti- 
nence [18]. Morey reported lower incidence of de 
novo urgency after TOT (1.3 %) compared to ret- 
ropubic midurethral slings (6 %) [31]. In another 
study of 276 subjects with urodynamic stress or 
mixed urinary incontinence who underwent ret- 
ropubic midurethral slings or transobturator 
slings, de novo subjective urge incontinence dif- 
fered significantly between the TOT and the other 
two retropubic midurethral slings. Fourteen to 
sixteen percent of patients with preoperative urge 
incontinence who underwent TVT or other retro- 
pubic midurethral slings had worsening of their 
urge incontinence symptoms while only 6 % of 
the TOT group did (P=0.02). There was no dif- 
ference in rates of resolution of detrusor overac- 
tivity among the groups (40 % vs. 48 % vs. 32 %, 
P=0.39) or de novo detrusor overactivity (32 % vs. 
22 % vs. 22 %, P=0.64) at 3 months. The authors 


50 


concluded patients who undergo transobturator 
procedures have significantly lower rates of de 
novo urge incontinence than those who undergo 
midurethral sling procedures. Rates of resolution 
of detrusor overactivity, urge incontinence, and 
de novo detrusor overactivity do not differ 
between groups [10]. The lower incidence of de 
novo urgency/urge incontinence may be 
explained by two factors. In the transobturator 
approach, the path of the tape, crossing the obtu- 
rator foramen, muscle, and fascia, reproduces the 
natural suburethral suspension by reinforcing the 
rotational pivot point, restoring continence while 
sparing the retropubic space. Sparing the retropu- 
bic space may preserve any periurethral nerve 
fibers that may be associated with urethral func- 
tion and stability. Second, the TOT is associated 
with a lower risk of urethral obstruction as com- 
pared to other midurethral sling procedures [11]. 
The TOT and the transabdominal midurethral 
slings appear equally efficacious in eliminating the 
need for incontinence pad use. However, signs of 
obstructive voiding are reported less often after 
TOT than TVT procedures whether done as the 
only procedure or combined with pelvic prolapse 
repair procedures [26, 31]. Obstructive voiding 
dysfunction is the most commonly reported com- 
plication of TVT midurethral sling placement. 
Because the TOT is positioned horizontally across 
the urethra, it provides less chance for static 
urethral kinking and the associated urethral 
obstruction that may follow. In a series of 104 
women, urinary obstruction rates (temporary and 
permanent) in the TVT group were approximately 
twice those in the TOT group [24]. In yet another 
series of 597 women, the rates of voiding dysfunc- 
tion requiring surgery were 2.7 % in those who 
received retropubic slings and 0 % in those who 
received transobturator slings (P=0.004) [25]. 
The TVT midurethral sling is associated with 
serious though rare complications including 
intestinal perforation, vascular injury, and obtu- 
rator nerve injury, and even death [26, 27, 33-35]. 
The transobturator sling procedure spares the 
retropubic space and thus eliminates the risk of 
major bowel, neural and vascular complications 
which have been reported with the TVT. Several 
series and meta-analysis that compared TOT with 
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TVT, demonstrated that adverse events such as 
bladder injuries and hematoma were less with 
TOT than TVT [26, 27, 36]. Bladder perforation 
is uncommon and resolves spontaneously with 
catheter drainage. We believe the presence of a 
distended bladder in the presence of a moderate 
to large cystocele increases the likelihood of this 
adverse event. Ensuring an empty bladder during 
needle passage particularly in the presence of a 
moderate to large cystocele will eliminate this 
adverse event [11]. In one study, two cases of 
retropubic hematoma have been reported with the 
TOT [37]. The authors suggest a technical error 
in passing the needle through the obturator inter- 
nus muscle and into the retropubic space as the 
potential etiology. 

The rate of vaginal extrusion of the tape in our 
series [11] is consistent with the rate of vaginal 
extrusion reported by other large series [18] and 
lower than reported with smaller series [38, 39]. 
This difference between large and small series 
may be related to differences in technique and 
patient selection and will need further evaluation. 
All extrusions in our series occurred in otherwise 
healthy women. There was no difference in the 
vaginal estrogen status in patients with and with- 
out extrusion. Management with estrogen vaginal 
cream did not result in resolution of extrusion and 
delayed the treatment of what is otherwise a sim- 
ple to manage adverse outcome. Based on these 
results, we recommend early and limited excision 
of the extruded portion of the tape with primary 
closure of the incision in the majority of patients. 
The patient continence status in our series was not 
adversely affected by this approach [11]. 

In conclusion, the TOT has equal efficacy to 
other midurethral sling procedures in the treat- 
ment of patients with urodynamic demonstrated 
SUL No significant difference was demonstrated 
in the functional outcome and patient satisfaction 
rates in the majority of patients with low VLPP. 
The incidence of de novo urgency/urge inconti- 
nence and obstructive voiding dysfunction is 
lower than other midurethral sling procedures. 
Serious adverse events are rare with this tech- 
nique. The earlier report by Juma is supported by 
recent meta-analysis and prospective studies 
(26, 29, 40, 41]. 
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Technique 


The procedure may be performed as the sole 
procedure or in combination with pelvic prolapse 
repair (cystocele repair, enterocele repair, recto- 
cele repair, sacrospinous suspension) and/or hys- 
terectomy. Hysterectomy, apical repair (enterocele 
repair and sacrospinous suspension), and cysto- 
cele repair should be performed prior to the TOT 
procedure to allow for proper adjustment of ten- 
sion of the sling without further manipulation of 
the tissue once the sling is in position. If the 
patient is to undergo POP repair, an enema the 
night before surgery and liquid diet is advised to 
minimize the risk of postoperative constipation 
which may jeopardize the repair. Cephalosporin 
or Quinilone antibiotic prophylaxis (within the 
first 24 h of surgery) is given starting within 1 h 
of surgery. 

The procedure can be performed under gen- 
eral, spinal, or local anesthesia with intravenous 
sedation. In one study comparing local vs. gen- 
eral anesthesia, the operative times were identical 
in the two groups, but the time spent in the recov- 
ery room was significantly longer in the general 
anesthesia group. Patients undergoing local 
anesthesia experienced less pain than did those 
undergoing general anesthesia. No significant 
differences were observed for the rates of com- 
plications [42]. Our experience in over 200 cases 
done under local anesthesia is consistent with the 
results of this study. The patient is positioned in 
the modified lithotomy position. In patients with 
artificial hip prosthesis, the rotation of the pelvis 
may be different on the side of the prosthesis 
even though the leg position is similar on both 
sides. This may result in the wider portion of the 
ischiopubic ramus being in the path of the tun- 
neler needle on the side of the hip prosthesis. The 
lower abdomen, external genitalia, vaginal canal, 
and the proximal thighs should be prepped and 
draped in the usual sterile manner. The pubic hair 
should be clipped below the level of the clitoris to 
avoid entrapment of hair by the advancing tape. 
When intravenous sedation with local anesthesia 
is used, the anterior vaginal wall is infiltrated 
with 0.25 % Bupivacaine (Marcaine) from the 


51 


Fig.4.1 An Allis clamp is applied to the anterior vaginal 
wall over the midurethra, and a short incision (1—2 cm) is 
made in the anterior vaginal wall over the midurethra 


Fig. 4.2 The vaginal wall is dissected in the submucosal 
plane on both sides of the midline and extended laterally 
to the ischiopubic rami 


midurethra to the bladder neck proximally, and 
from the urethra in the midline to the endopelvic 
fascia bilaterally. The anticipated path of the 
transobturator needle is likewise infiltrated with 
Bupivacaine (Marcaine). 

A Foley catheter placed in the bladder and a 
weighted vaginal speculum on the posterior vagi- 
nal wall facilitate the vaginal dissection. An Allis 
clamp or two are applied to the anterior vaginal 
wall over the midurethra, and a short incision 
(1-2 cm) is made in the anterior vaginal wall over 
the midurethra (Fig. 4.1). The vaginal wall is then 
dissected in the submucosal plane on both sides 
of the midline. The dissection is extended later- 
ally to the ischiopubic rami (Fig. 4.2). Two stab 
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Fig. 4.3 (a, b) Two stab incisions are made in the 
Genitofemoral folds, one on either side of the midline at 
the level of the clitoris and overlying the superior medial 


Fig. 4.4 The tunneler needle is advanced through the 
skin incision, subcutaneous tissue, the adductor muscles 
(below the Adductor Longus tendon), the obturator exter- 
nus, obturator internus muscle, and the obturator fascia 


incisions are made in the Genitofemoral folds, 
one on either side of the midline. These stab inci- 
sions should be at the level of the clitoris and 
overlying the superior medial aspect of the obtu- 
rator fossa just below the insertion of Adductor 
Longus tendon (Fig. 4.3a, b). The lateral and the 
inferior portions of the obturator fossa should be 
avoided to minimize the risk of nerve and/or 
vascular injuries. The tunneler needle is then 
advanced through the skin incision, subcutaneous 
tissue, the adductor muscles (below the Adductor 
Longus tendon), the obturator externus, obturator 
internus muscle, and the obturator fascia 
(Fig. 4.4). The needle is then rotated medially 
below the Levator Ani and around the posterior 
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aspect of the obturator fossa just below the insertion of 
Adductor Longus tendon 


Fig.4.5 The needle is rotated medially below the Levator 
Ani and around the posterior edge of the ischiopubic 
ramus towards the midurethra while a finger in the vaginal 
incision guides the needle into the vaginal incision and 
protects the urethra from the advancing needle 


edge of the ischiopubic ramus towards the 
midurethra while a finger in the vaginal incision 
guides the needle into the vaginal incision and 
protects the urethra from the advancing needle 
(Fig. 4.5). Caution should be exercised as the 
needle is passed over the lateral fold in the vagi- 
nal wall (sulcus) to avoid a button hole in the 
vaginal wall. A woven polypropylene tape is 
used for the sling. Once the needle is in the vagi- 
nal incision, one free end of the tape is threaded 
or attached to the end of the needle, and the nee- 
dle is pulled back until the free end of the tape 
exits through the skin incision over the 
Genitofemoral fold (Fig. 4.6). The procedure is 
repeated on the opposite side in a similar fashion 
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Fig. 4.6 Once the needle is in the vaginal incision, one 
free end of the tape is threaded or attached to the end of 
the needle, and the needle is pulled back until the free end 
of the tape exits through the skin incision over the 
Genitofemoral fold 


Fig. 4.7 The procedure is repeated on the opposite side 
in a similar fashion so that the tape is positioned over the 
midurethra and its free ends exit through the incisions in 
the Genitofemoral folds 


so that the tape is positioned over the midurethra 
and its free ends exit through the incisions in the 
Genitofemoral folds (Fig. 4.7). The tape tension is 
adjusted to provide passive support to the urethra 
during Valsalva. We prefer to tension the sling 
mesh with the Foley catheter in the urethra and a 
spacer is placed between the urethra and the sling 
mesh (Fig. 4.8). Alternatively, the sling is adjusted 
so as to leave a visual separation (1 mm) between 
the tape and the urethral wall. A right angle clamp 
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Fig. 4.8 Tension is placed on the sling mesh with the 
Foley catheter in the urethra, and a spacer is placed 
between the urethra and the sling mesh 


Fig.4.9 A right angle clamp may be placed between the 
mesh and the urethral wall to adjust the tension 


may be placed between the mesh and the urethral 
wall to adjust the tension as well (Fig. 4.9). 
Excessive tension is avoided to minimize the risk 
of postoperative urethral obstruction and pro- 
longed need for catheterization. The excess tape is 
excised just below the level of the skin incision 
(Fig. 4.10), the vaginal incision and the two skin 
incisions are irrigated with antibiotic solution, 
and the vaginal incision is closed with 2-0 
Polyglycolic suture while the skin incisions are 
closed with 2-Octyl Cyanoacrylate (Dermabond) 
topical skin adhesive. 
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Fig. 4.10 The excess tape is excised just below the level 
of the skin incision 


Following technical landmarks are mandatory 
to ensure successful procedure: the vaginal inci- 
sion must include all the thickness of the vaginal 
wall; the transobturator end point must be located 
at the level of the midurethra; the tunneling nee- 
dle must have a close contact with the ischiopu- 
bic bone; the finger inside the vaginal incision 
protects the urethra [43]. The tape has a trans- 
verse course; it crosses the adductor muscles 
close to their pubic insertion and passes through 
the obturator foramen by crossing the obturator 
membrane, before reaching the middle plane of 
the perineum after having crossed the obturator 
internus muscle. The tape passes above the inter- 
nal pudendal pedicle and then under the Levator 
Ani muscle, under the tendinous arch of the 
pelvic fascia and continues in the middle third of 
the urethrovaginal septum [12]. At the end of the 
procedure, cystoscopy is done to ensure patency 
of the ureters and to exclude bladder or urethral 
injuries [9, 44]. Removal of the Foley catheter 
concludes the procedure. 

In the recovery room, a voiding trial is done 
when the bladder is full. Patients who void suc- 
cessfully can be discharged without a catheter 
while those who don’t will require an indwelling 
catheter usually for 1-2 days. Self-catheterization 
can also be used as an alternate to indwelling 
catheter. The patient is discharged home with 
oral analgesics and antibiotic prophylaxis. The 
patient is instructed to remove the vaginal pack 
within 24 h. They can resume ambulation the 
same day, resume driving within 1 week, and 
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may return to work after 2 weeks; however, they 
should avoid straining for 6 weeks. Postop care 
should include pelvic exam to rule out sling mesh 
extrusion which can be minimal and very diffi- 
cult to recognize. Vaginal creams including estro- 
gen cream are avoided in the first 6 weeks postop 
to reduce the risk of accidental manipulation of 
the vaginal incision in the healing phase. 


Postoperative Adverse Outcome 
Urinary Retention and Obstruction 


Voiding dysfunction after midurethral sling pro- 
cedures is uncommon. If a patient is unable to 
void 48 h postoperatively, and there is a concern 
that excessive tension may be the cause, early tape 
release is advisable before any tissue in growth 
has occurred. Ozel et al. reported on a method to 
adjust the transobturator midurethral sling under 
local anesthesia in the early postoperative period 
for postoperative voiding difficulty. Both patients 
had immediate resolution of their symptoms 
while maintaining urinary continence [45]. 


Extrusion 


Extrusion refers to the vaginal exposure of the 
tape mesh through the vaginal mucosa. It could 
be at the incision site (central) or at the sulcus 
(lateral). Several theories regarding the tape 
extrusion has been proposed. It’s the author’s 
belief that the etiology may vary depending upon 
host (patient), technique (surgeon), device (tape) 
factors, or any combination thereof. Although 
several reports suggest that estrogen should be 
used as the primary method of treatment for all 
tape extrusion, we believe tape excision and pri- 
mary closure in the office under local anesthesia 
is more effective in most cases. 


Urethral and Vesical Erosion 


Erosion of the tape into the urethra may result if the 
dissection in the vaginal incision is carried deep 
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and close to the urethral wall. Erosion into the bladder 
may occur due to in advert passage of the intro- 
ducer needle into the bladder during passage. The 
presence of cystocele may increase this risk. If the 
patient presents with history of recurrent UTI or 
irritative voiding symptoms, erosion should be sus- 
pected, and cystoscopy should be done. Urethral 
erosions may be repaired transvaginal with mesh 
removal, urethral repair with/without Martius flap. 
Placing another sling at the same time should be 
avoided because the risk of recurrent erosion is 
high. If erosion occurs in the bladder, a transvagi- 
nal repair with/without Martius flap may be done; 
however, a transvesical approach may be needed if 
the mesh is embedded in the bladder wall and there 
is excessive tissue ingrowth or stone formation. 
In an assessment of factors increasing risk of injury, 
and comparison of the “outside-in” and “inside- 
out” techniques, 241 women underwent TOT 
technique and 148 of them underwent TVT-O 
technique. Four injuries occurred (1 %): two ure- 
thral injuries (0.5 %) and two bladder injuries 
(0.5 %). All injuries occurred in the outside-in 
group, although this difference did not reach sig- 
nificance (P=0.146). Bladder injuries occurred in 
women who underwent concomitant vaginal sur- 
gery, while urethral injuries occurred in women 
undergoing secondary procedures. They concluded 
that lower urinary tract injury is an uncommon 
complication of the TOT procedures and in their 
hands only occurred with the outside-in technique. 
Intraoperative cystoscopy should be considered 
only in selected cases [44]. 


Urinary Tract Infection 


If a patient presents with recurrent UTI, it should 
raise the suspicion of urethral or bladder erosion, 
and cystoscopy should be considered once the acute 
infection is treated. A single episode of UTI should 
be treated with antibiotics in the usual fashion. 


Dyspareunia 


If a patient reports Dyspareunia postoperatively, 
proper evaluation to rule out mesh extrusion or 
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granuloma formation should be sought and 
addressed accordingly. However, in the absence 
of specific reversible physical findings, proper 
evaluation of the potential etiology of female 
sexual dysfunction should be conducted and the 
necessary treatment recommended accordingly. 

Urinary incontinence is a common condition that 
negatively impacts female sexuality. In one study, at 
60-month follow-up, 52 patients (72 %) were objec- 
tively cured of SUI but only 44 patients (61 %) were 
satisfied. The mean cause of dissatisfaction was the 
development of sexual dysfunction resulting from 
Dyspareunia or incontinence during intercourse, 
which was found in 37.5 % [40]. Another study of 
46 women who completed 12-month follow-up, 
71 % of sexually active women showed an improve- 
ment in the total 12-item POP/Incontinence Sexual 
Function Questionnaire scores [23]. 

In yet another study of 133 patients who 
underwent TOT procedure, or a retropubic proce- 
dure, and who completed 12-month follow-up, 
data showed that after a midurethral sling proce- 
dure, female sexual function improves. The 
authors also found that a very relevant percentage 
of nonsexually active women reported renewed 
sexual activity after midurethral sling [46]. 


Recurrent Incontinence 


If urinary incontinence persists beyond 3 months of 
surgery, complete evaluation including urodynam- 
ics should be done to elicit the etiology of persistent 
or recurrent incontinence. In the majority of cases, 
persistent detrusor overactivity/urge incontinence, 
or de novo urge incontinence is the etiology and 
conservative management should be considered 
first. In those who demonstrate urethral obstruction 
on urodynamic studies, initial trial at urethral dila- 
tion and if it fails, tape release should be considered. 
In those who have recurrent SUI, consideration 
should be given to proximal tape placement or 
migration as the possible etiology, and tape removal 
and replacement should be considered. If this is 
done, tape fixation will increase the likelihood of 
success. Alternatively, bulking agents may be used 
or otherwise in a lead pipe urethra consideration for 
midurethral retropubic sling should be given. 
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In one study done in 463 patients with SUI 
who were randomly allocated to treatment with a 
standard TOT procedure or to a TOT procedure 
with additional 2-point tape fixation. Two absorb- 
able sutures parallel to the urethra were added to 
fix the tape and prevent displacement during tape 
tensioning. Objective clinical efficacy of the pro- 
cedure at 12 months with fixation was signifi- 
cantly higher with 95.12 % cured or improved 
compared to 88.73 % cured or improved with the 
standard sling (P=0.0169). Also, among patients 
with ISD they noted a significantly better out- 
come in the fixation group than in the control 
group, 95.1 % cured or improved vs. 73.8 % 
(P=0.0011). The authors concluded tape fixation 
significantly increases the clinical efficacy of the 
transobturator sling, especially in patients with 
ISD [47]. 


De novo Urgency 


In patients who develop de novo urgency/urge 
incontinence, obstruction should be ruled out. In 
the absence of obstruction, the majority of cases 
will resolve spontaneously. In those in whom it 
persists, it should be treated with behavioral 
modification with or without pharmacotherapy. If 
obstruction is suspected, urodynamic studies 
should be done, and urethrolysis should be con- 
sidered if obstruction is diagnosed. 


Leg pain 


Based on cadaver studies, the outside-in (TOT) 
technique results in the mesh being placed farther 
from the obturator canal and closer to the ischio- 
pubic ramus, theoretically reducing the risk of 
neurovascular injury [16]. In a study of TOT vs. 
TVT-O, severe postoperative thigh pain was twice 
as common in the inside-out group but this was 
not statistically significant [48]. In another study 
of 127 women, the TVT-O caused more transient 
leg pain than the TVT (264 % vs. 1.7 %, 
P=0.0001) [49]. In the author’s experience, thigh 
pain is mild and transient, and responds well to 
nonsteroidal anti-inflammatory agents. 
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Female SUI: Single-Incision Slings 


Michael J. Kennelly and John P. Selph 


Stress urinary incontinence (SUI) as defined by 
the standardization subcommittee of the Inter- 
national Continence Society is the complaint of 
involuntary leakage of urine on effort or exertion, 
or on sneezing or coughing [1]. SUI has been 
estimated to affect up to 50 % of women [2-5], 
with an estimated annual direct cost of 12 billion 
dollars for the treatment of female incontinence 
[6]. While various nonsurgical options exist to 
treat symptomatic patients, surgical options for 
women who fail conservative measures include 
retropubic colposuspension, needle suspension, 
periurethral injection therapy, fascial pubovagi- 
nal slings, and synthetic midurethral slings. As 
studies showing favorable outcomes and long- 
term results have emerged over the last 2 decades, 
the synthetic midurethral sling has become the 
most commonly performed and gold standard 
treatment of female SUI [7]. 

The pubovaginal sling, with autologous fascia 
placed at the bladder neck, was the initial sling 
procedure of choice, seeking to correct urethral 
hypermobility and modify pressure transmission 
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caused by intra-abdominal straining. After stud- 
ies in the early 1990s by UlImsten and Petros 
described the integral theory, elucidating the 
importance of the midurethra in maintaining con- 
tinence during stress, the first midurethral 
tension-free vaginal tape (TVT) was developed. 
The midurethral placement of the polypropylene 
synthetic sling reinforced the pubourethral liga- 
ment retropubically and provided sub-urethral 
support, and initial reports showed satisfactory 
continence results with decreased morbidity 
compared to traditional procedures [8, 9]. 

As evidence accumulated showing retropubic 
polypropylene tape (RPT) had cure rates similar 
to colposuspension, it became clear that RPT 
slings introduced a new set of potential complica- 
tions. A review by Atherton et al. showed that 
RPT procedures are associated with a 0.2-1 % 
postoperative urinary retention rate, a 3-4 % risk 
of bladder, urethral, or intestinal perforation, and 
a 1-2.5 % risk of major vessel and nerve injury 
and hematoma in the retropubic space [10]. 
These complications, although infrequent, lead to 
further modifications and improvements in mini- 
mally invasive urinary incontinence surgery. 

The next generation of sling procedures 
evolved from a retropubic to transobturator loca- 
tion, with the goal of maintaining success rates 
but avoiding complications (e.g., bladder, bowel, 
and vessel injury) associated with trocar passage 
through the retropubic space. Placement of tran- 
sobturator tape (TOT) involved passing a trocar 
around the ischiopubic ramus and through the 
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obturator membrane, thus avoiding the retropubic 
vessels and viscera but still providing midure- 
thral support. Passage of the trocar from an 
“inside-out” and “outside-in” approach was 
developed [10-12]. Multiple studies showed the 
new TOT technique to be not only comparable in 
efficacy to RPT slings [13-17], but also successful 
in reducing bowel and bladder complications. 
Despite these successes, reports of subjective 
groin pain, presumably from obturator nerve 
compression or muscle irritation, emerged [17]. 

While midurethral slings have been shown to 
have acceptable cure rates and low morbidity 
rates [9, 10, 17—23], the blind passage of a trocar 
through the transobturator or retropubic space 
affords the potential for bladder or bowel injury, 
groin or thigh muscle pain, injuries to nerves and 
blood vessels, and ureteral injury. Building on the 
success of RPT and TOT slings, the latest innova- 
tion in sling procedures, the single-incision sling 
(SIS), or mini-sling, seeks to reduce morbidity 
even further. 


Single-Incision Slings 


Single-incision slings (SIS) seek to build on the 
efficacy and safety of retropubic tape (RPT) and 
TOT procedures, yet reduce patient morbidity. 
SIS are designed to provide midurethral support 
through a single vaginal incision with a shorter 
sling that avoids the blind passage of a trocar 
through the transobturator or retropubic space, 
thereby reducing the potential complication rate 
and providing the patient with added benefits: 
limiting postoperative pain, no external incisions, 
local anesthesia only, and office-based proce- 
dures. Multiple companies have introduced SIS 
to the market. Each product is made of type 1 
uncoated polypropylene mesh, but, importantly, 
they differ in their sling length, trajectory path- 
way, delivery device, fixation method, and fixa- 
tion location, and thus they should not be 
considered interchangeable products (Table 5.1). 
Five products currently on the market are dis- 
cussed below, including procedural steps, post- 
operative considerations, and results. 
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Appropriate patient selection is paramount to 
achieving satisfactory results with SIS. SIS are 
typically reserved for patients without prior 
anti-incontinence surgery, though experience 
with this method has led some surgeons to offer 
this technique to patients with previous anti- 
incontinence surgery. Renal insufficiency, 
coagulopathy, a compromised immune system, 
pregnancy or future planned pregnancy, and 
urinary tract obstruction or infection should be 
considered contraindications to SIS. As with all 
surgical procedures, informed consent should be 
obtained from patients before proceeding with 
intervention. 


TVT-Secur System 


Introduced in 2006, the first SIS was the Tension- 
Free Vaginal Tape-Secur™ System (TVT-S) 
(Ethicon Women’s Health and Urology, 
Somerville, NJ, USA). The TVT-S is an 
8x 1.1 cm laser-cut macroporous polypropylene 
mesh with absorbable fixation tips that can be 
fixed to the urogenital diaphragm in a retropubic- 
like “U” position, or to the obturator internus 
muscle in a transobturator-like “hammock” or 
“H” position [24, 25] (Fig. 5.1). The “U” config- 
uration replicates the RPT trajectory by anchor- 
ing the fixation tips against the periosteum of the 
pubis through the connective tissue of the uro- 
genital diaphragm. The “hammock” configura- 
tion mimics the transobturator approach, securing 
the tips of the mesh to the obturator internus 
muscle along the posterior inferior ischiopubic 
ramus. Regardless of the technique chosen, early 
studies revealed the importance of anchoring the 
fixation tips in contact with the nearby bony 
structures, rather than the mobile muscular tis- 
sue, in order to provide long-term stability [25]. 
This product uniquely features 2-cm absorbable 
fixation tips that consist of a fleece layer composed 
of synthetic absorbable polyglactin 910 (Vicryl) 
and poly-p-dioxanone (PDS) yarn, which are sand- 
wiched to the mesh using violet-dyed PDS in a 
thermal process. Once placed, these fixation tips 
provide immediate mechanical fixation similar to 
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Fig.5.1 TVT-Secur. The TVT-Secur’s 8.0 x 1.1-cm poly- 
propylene mesh with 2-cm absorbable fixation tips can be 
placed in either the “U” retropubic trajectory position or 
the “hammock” transobturator trajectory position (© 
Ethicon, Inc. Reproduced with permission) 


the standard TVT system and are absorbed over a 
period of approximately 90 days [26]. During this 
time, the polypropylene mesh is encased by a thin 
fibrous layer of tissue that secures it to the sur- 
rounding tissue. Furthermore, as opposed to tanged 
mesh edges, the laser cut mesh edges impart the 
mesh with less stretch and a consistent width to 
facilitate proper placement. 


Procedure 


Placement of the TVT-Secur mesh can be per- 
formed under general, regional, or local anesthe- 
sia. The patient is positioned in the dorsal 
lithotomy position, taking care to pad all pressure 
points. After local infiltration, a 1.0-1.5 cm inci- 
sion in the anterior vaginal wall is made along the 
midurethra, about 1 cm proximal to the urethral 
meatus. Because of the larger trocar size for the 
TVT-S compared to conventional slings, the inci- 
sion is slightly larger to avoid gathering of vagi- 
nal tissue. Bluntly dissect with scissors in the 
paraurethral tissue on each side, taking care to 
maintain the original width of the incision as one 
dissects proximally so as to avoid dragging para- 
vaginal tissue during insertion. The direction of 
the paraurethral dissection can be guided at a 45° 
angle from the sagittal midline if one desires a 
“U” placement or at the 3 and 9 o’clock positions 
if the “hammock” method is to be used. 


M.J. Kennelly and J.P. Selph 
“U” Position 


Dissection is performed to the inferior edge of the 
pubic bone, ensuring that the scissors do not pierce 
the urogenital diaphragm and weaken the tissue to 
which the fixation tips will be anchored. A urethral 
catheter is placed with a rigid catheter guide to 
reduce risk of injury to the lower urinary tract. 
With a needle driver providing stabilization, the 
TVT-S inserter is then passed until the pubic bone 
is contacted. The surgeon’s hand is then dropped 
until the inserter is parallel to the floor, and while 
aiming for the ipsilateral shoulder, the inserter is 
passed through the dense connective tissue of the 
urogenital diaphragm. Maintaining contact with 
the posterior pubic bone is critical to ensure appro- 
priate anchoring. Once the mesh is firmly in the 
connective tissue, the procedure is repeated on the 
contralateral side. Adjustments to maintain ten- 
sion-free placement of the mesh can be made by 
advancing or retracting the inserter for either the 
left or right side, ensuring that adequate contact 
with the pubic bone is maintained. A dynamic 
cough or crede stress test can be used to assist with 
tensioning. Unlike traditional midurethral slings, 
there should be no tissue left between the urethra 
and mesh, and because the sling is pushed rather 
than pulled through tissue, tension does not 
increase postoperatively with the TVT-Secur [25]. 
Careful separation of the inserters from the mesh 
is necessary to prevent unwanted withdrawal of 
the mesh. Once the release wires are pulled, the 
inserters cannot be reconnected to make adjust- 
ments. Cystoscopy is left at the surgeon’s discre- 
tion, and once positioning is confirmed, the 
inserters are removed and the incision closed. 


“Hammock” Position 


Similar to TOT placement, dissection is per- 
formed laterally at the 3 and 9 o’clock positions 
to the lower edge of the ischiopubic ramus, avoid- 
ing penetration of the obturator internus muscle 
by the scissors. The TVT-S is placed flat to and in 
contact with the lower edge of the ischiopubic 
ramus while being pushed into the obturator 
internus muscle. Maintaining contact with the 
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bony surface allows for adequate long-term 
fixation as well as limits risk of damage to other 
organs. The procedure is repeated on the contra- 
lateral side. As with the “U” positioning, tension- 
free placement is ensured with bilateral 
incremental advancement of the device, leaving 
no tissue between the mesh and urethra. Twisting 
of the mesh or rotating movements, multiple 
passes through or tearing of the obturator muscle, 
and placement away from the bony pelvis yield 
suboptimal results. Cystoscopy is left at the dis- 
cretion of the surgeon. 


Results 


Studies regarding outcomes and complications 
from TVT-S are limited to short- and medium- 
term follow-up, with most studies having 1-year 
data. Initial studies suggested low complication 
rates but short-term cure rates of 69-88 %, which 
is lower than traditional cure rates for RPT and 
TOT slings [27-34]. These poor success rates 
were felt to be technical in nature as there was a 
significant learning curve associated with the 
procedure. Neuman noted a 20 % failure rate and 
64 % complication rate in his first 50 patients 
compared to an 8 % failure rate and 26 % compli- 
cation rate in the second fifty [25]. Modifications 
that generated better results included leaving no 
tissue between the urethra and sling, developing 
wider 12 mm tunnels due to the larger trocar, tun- 
neling no further than the bone edge, and gently 
separating the locking mechanism to avoid 
unwanted tape removal when disconnecting the 
inserter. Another group noted improved results 
after the first 25 patients with modifications 
included tightening the sling such that no leakage 
of urine is noted during an intraoperative cough 
stress test and using a gentle rocking motion to 
release the inserter from the mesh [35]. 

Most initial reports have suggested a compa- 
rable success rate between the “U” and “ham- 
mock” type placement methods. Liapis et al. 
prospectively followed 82 patients who were 
alternately assigned to either the “U” or “ham- 
mock” technique. Objective cure rates based on 
cough test at | year were 62.8 and 71.8 % for the 
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hammock and U technique, respectively, with an 
overall cure rate of 67.1 % for the TVT-Secur, 
which was notably less than success rates for 
traditional TVT procedures [36]. Kim et al. 
followed 115 women in a randomized compara- 
tive trial and reported no statistical difference in 
cure rate at 12 months based upon the Sandvik 
questionnaire (88.7 % cure for U-type and 87.1 % 
cure for hammock-type approach, p=0.796) 
[37]. Unlike Liapis’s group’s findings, cure rates 
in this trial were similar to 1-year cure rates in 
studies of traditional TVT procedures [38]. 
Another group found that the U-type technique 
(100 %, 22/22) had better cure rates at 6 months 
compared to the hammock technique (69 %, 
11/16) [39]. Long-term results showing a signifi- 
cant difference between the two methods need to 
be further studied. 

As more groups have published their experi- 
ences with TVT-Secur with longer follow-up, 
several systematic reviews of outcomes have 
been undertaken. Walsh reviewed the literature 
on outcomes at | year for the TVT-Secur and 
identified ten studies involving 1,178 patients 
[40]. Subjective and objective cure rate at 12 
months was 76 %, with the U-type method show- 
ing a statistically significant higher objective cure 
rate at 12 months when compared to the “ham- 
mock” technique (OR 2.2, p=0.0005). 
Dmochowski et al. reported the outcomes at 12 
months on 642 women undergoing the TVT- 
Secur procedure at 29 sites in eight countries— 
the objective cure rate at 1 year was 87.5 % [41]. 
A recent meta-analysis of nine randomized con- 
trol trials (six TVT-Secur, two MiniArc, and one 
Ophira) involving SIS vs. standard midurethral 
slings found inferior objective and patient- 
reported cure rates in the SIS group [42]. Of the 
six trials involving TVT-Secur, subgroup analysis 
revealed a trend toward lower patient-reported 
and objective cure rates, though statistical signifi- 
cance was not reached. The authors concluded 
that the available literature on these SIS did not 
support their use in clinical practice. Two groups 
have published their experience with 3-year out- 
comes. Cornu’s group showed a cure rate that fell 
to 40 % at a mean follow-up of 30 months for the 
TVT-Secur, compared to a 93.5 % success rate at 
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1 year [43]. In contrast to this dramatic fall in 
cure rate, Neuman noted a 90.9 % cure rate for 
the TVT-Secur at 36 months of follow-up in his 
series [44]. 

Recently, Hinoul and colleagues published a 
prospective, randomized, controlled trial of the 
TVT-Secur vs. TVT-Obturator (TVT-O) system 
[45]. From 2007 to 2009, 96 patients underwent 
TVT-Secur and 98 had a TVT-O, with 75 and 85 
patients of each group having follow-up at 1 year, 
respectively. Using a standing cough stress test 
with 300 cc in the bladder or filled to at least 
70 % of capacity based on voiding diary, SUI was 
present in 16.4 % vs. 2.4 % (p<0.05) of the TVT- 
Secur and TVT-O patients, respectively. Patients 
in the TVT-Secur experienced less postoperative 
pain and returned to work sooner, but the odds 
ratio for re-intervention for SUI | year after TVT- 
Secur vs. TVT-O was 2.3 (95 % CI 1.9-2.7). 

Overall, efficacy rates of the TVT-S are mixed 
but tend to show lower efficacy rates than RPT 
and TOT slings in comparative trials. Clearly, 
surgical technique and surgeon skill play a key 
role in the providing patient success. Long-term 
data and advances in alternative SIS technologies 
have tempered the original enthusiasm for the 
TVT-S sling. 


MiniArc 


In August of 2007 the MiniArc™ (American 
Medical Systems, Minnetonka, MN, USA) 
became the second SIS released in the United 
States and Europe. It comprises an 8.5x1.1 cm 
type 1 polypropylene mesh with integrated self- 
fixation tips that anchor into the obturator inter- 
nus muscle via a single 1.5 cm vaginal incision 
(Fig. 5.2). Unique design features include a nar- 
rower inserter, optional redocking feature, tanged 
mesh edges, a midline mesh mark, and the self- 
fixating tips. 

An early criticism of the TVT-Secur was the 
difficulty in removing the inserter from the mesh, 
and the MiniArc was designed to allow a 
smoother engagement and disengagement of the 
needle and mesh, thereby reducing the risk of 
unwanted loosening of the mesh during inserter 
removal. This feature was achieved by not only 
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The MiniArc Precise’s 


Fig. 5.2 MiniArc Precise. 
1.1x8.5-cm macroporous polypropylene mesh fused to 
self-fixating tips is placed with a 2.3 mm needle (Courtesy 
of American Medical Systems, Inc., Minnetonka, MN) 


utilizing a single 2.3 mm diameter needle that 
minimizes tissue trauma during placement, but 
also by creating permanent self-fixating tips that, 
based on cadaveric testing, require a pull-out 
force four times (5.5 Ibs) higher than normal pel- 
vic floor pressures (1.3 lbs) [46, 47]. The surgeon 
is also permitted to redock the needle and mesh, 
thus allowing for further tensioning after the 
sling is placed. In 2010, modifications to the 
MiniArc were made based on surgeon feedback, 
and AMS released the new and improved 
MiniArc Precise Sling. Changes included: (1) a 
snap fit needle-to-tip connection that prevents 
rotation of the mesh on the needle and secures the 
sling to the inserter; (2) a needle that retracts into 
the body of the inserter to help prevent displace- 
ment of the sling tip during inserter removal; and 
(3) tapered and reinforced mesh ends that mini- 
mize the potential for mesh twisting and ensure a 
flat placement on the urethra. 


Procedure 


The sling is placed through a single 1.5 cm vagi- 
nal incision at the midurethra. Periurethral dis- 
section is carried out with Metzenbaum scissors 
toward the interior portion of the inferior pubic 
ramus. The sling/needle assembly is advanced 
behind the ischiopubic ramus in a transobturator 
trajectory toward the obturator space bilaterally. 
The obturator internus fascia is pierced with the 
needle, and once the integrated self-fixating tip is 
fixed in the obturator internus muscle, the needle 
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is removed. This step is repeated on the contra- 
lateral side. Should further tensioning be desired, 
redocking can be achieved by accessing the 
implanted tip on the initial side. The mesh should 
lie flat against the urethra with no mesh distortion 
or space left between the urethra and sling. Cough 
or Valsalva stress-testing or visual inspection of 
the tape assists with proper sling tensioning. 
Cystoscopy is left at the discretion of the sur- 
geon, and the incision is irrigated and then closed. 


Results 


Initial studies showed promising results for the 
MiniArc, though other studies have shown mixed 
results at 1 year of follow-up. Moore and col- 
leagues retrospectively reviewed 61 patients who 
had a MiniArc sling placed and found a 91.4 % 
cure rate with no intraoperative complications, 
pain, dyspareunia, or sling erosion [48]. In a mul- 
ticenter prospective trial, Kennelly et al. assessed 
157 of 188 women available for follow-up at 1 
year and found 90.6 % of patients had a negative 
cough stress test [49]. There were no intraopera- 
tive complications, and 20 % of the cases were 
performed in the office setting. Pickens et al. noted 
a cure rate of 93.5 % (101/108) at 12 months in a 
prospective cohort of 108 patients who had follow- 
up, as well as significant improvement in quality 
of life based on the UDI-6 (65 of 100 vs. 13.32 of 
100, P<0.001) and IIQ-7 (89.91 of 100 vs. 12.5 of 
100, P<0.001) questionnaires [50]. In a retrospec- 
tive cohort study at two centers comparing 75 
patients undergoing the MiniArc and 56 patients 
undergoing the Monarc sling, 85 % of the MiniArc 
group vs. 89 % of the Monarc group had a negative 
cough stress test at 12 months [51]. Both groups 
saw significant improvement in subjective cure 
rates based on the I[Q-7 and UDI-6 questionnaires, 
and the authors concluded the MiniArc provides 
objective cure rates comparable to other slings, 
though longer follow-up is needed. In contrast to 
these findings, Hogewoning and colleagues noted 
a 56 % failure rate (not completely dry) and 68 % 
subjective cure rate (improvement in symptoms 
based on PGI-I questionnaire) at 1 year [52]. 
Others have noted lower efficacy rates of 77.8 % at 
12 months and 75.7 % at 2 months [53, 54]. 
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Overall, efficacy rates on the MiniArc are 
mixed but tend to show promising early results. 
Clearly, longer follow-up studies and ideally a 
long-term, prospective, randomized clinical trial 
are needed to help further elucidate the place of 
the MiniArc in the urologic armamentarium. 


Solyx 


The Solyx™ SIS system (Boston Scientific 
Corporation, Natick, MA, USA) was introduced in 
North America in 2009. The 9-cm polypropylene 
mesh is placed via a delivery device into the obtu- 
rator internus muscle, where carrier barbs at each 
end of the mesh serve to anchor the sling in place 
while tissue ingrowth occurs over time (Fig. 5.3). 
The carriers snap on to the delivery device, and 
once passed into the obturator internus, minute 
adjustments to the sling can be made to gain 


Fig.5.3 Solyx Single Incision System. The 9.0 cm poly- 
propylene sling fused to carrier barbs is placed in the 
obturator internus muscle with a snap-fit delivery device 
(Courtesy of Boston Scientific Corporation. Opinions 
expressed are those of the author alone and not of Boston 
Scientific) 
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appropriate tension. The lateral edges of the mesh 
are tanged in order to reduce loosening of the 
mesh as the delivery device is disconnected, and 
similar to the TVT-Secur, the delivery device can- 
not be reconnected to the carrier once they are 
detached. Additionally, the 4-cm central portion of 
the mesh is detanged and heat sealed to prevent 
irritation to the urethra and limit deformation. 


Procedure 


Anesthesia can be general, spinal, or local and is 
left to the surgeon’s discretion. The patient is 
placed in the dorsal lithotomy position and prepped 
and draped in a sterile fashion. After local infiltra- 
tion, a 1-1.5 cm vaginal incision is made at the 
level of the midurethra. Periurethral dissection 
with Metzenbaum scissors is directed at a 45° 
angle toward the inferior pubic ramus. Once an 
appropriate tunnel has been created, the mesh is 
attached flush to the delivery device tip, which is 
confirmed by hearing an audible “click.” The 
device is inserted into the dissection tunnel and 
advanced toward the obturator foramen until it 
pierces the obturator internus muscle just lateral to 
the inferior pubic ramus. The midline mark on the 
mesh should be approximately at the midurethra. 
The carrier is released into the tissue by simultane- 
ously holding the deployment mechanism and 
pulling the delivery device handle back. A similar 
procedure is repeated on the contralateral side. 
Appropriate tension is confirmed via cough stress 
test or visual assessment, ensuring the sling is 
placed against the urethra and leaving a space 
small enough to pass a small instrument in between 
or identifying “pillowing” of periurethral tissue 
through the mesh pores [55]. Slight adjustments to 
tension can be made prior to disconnecting the 
delivery device. Cystoscopy is left to the surgeon’s 
discretion, the wound is irrigated, and the incision 
is closed in the usual fashion. 


Results 


There are limited data describing results regard- 
ing the Solyx SIS. Serels et al. published a retro- 
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spective review of 63 patients undergoing Solyx 
implantation at three US medical centers [55]. 
Patients had not undergone previous inconti- 
nence surgery, all had urethral hypermobility 
>30° with a Q-tip test, and stress incontinence 
was the predominant symptom (29 % had urge 
incontinence). Fifty-nine percentage of patients 
underwent concomitant procedures. At a mean 
follow-up of 6.5 months (range 5-8 months), 
95 % of patients (60/63) were subjectively dry 
and had a negative cough stress test. Other than 
two patients experiencing transient urinary reten- 
tion, no postoperative complications were noted. 
Like its predecessors, further study is needed to 
determine long-term efficacy. 


Ajust 


The AJUST™ Adjustable Single-Incision Sling 
system (CR Bard, Inc., Covington, GA, USA) 
entered the marketplace in 2008 in Europe and 
2009 in North America. It too was designed to 
provide the benefits of TOT placement through a 
single vaginal incision. Design features include 
self-fixating polypropylene anchors, a midline 
mesh mark, a flexible stylet used to lock the sling 
after adjustment, and an introducer to insert the 
sling through the obturator membrane. The sling 
is unique in that it has a sub-urethral mesh sec- 
tion and an adjustment mesh portion that allows 
for post-insertion tightening or loosening without 
further insertion of the anchors (Fig. 5.4). This 
feature is achieved by having one fixed anchor 
and a second adjustable anchor through which 
the tubular adjustable mesh portion can be bidi- 
rectionally shifted. This setup gives the surgeon 
full view of the sling mesh during tensioning 
without any visual obstruction from the intro- 
ducer. Once the appropriate tension is achieved, 
the flexible stylet is used to lock the sling in 
place. 


Procedure 


The patient is placed in the dorsal lithotomy posi- 
tion, and after local infiltration, a 1.5 cm incision is 
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Fig. 5.4 AJUST adjustable single-incision sling. The 
AJUST is placed through the obturator membrane with 
self-fixating anchors. Post-insertion adjustments can be 
made by loosening or tightening the mesh relative to the 
fixed anchors (© 2013 C. R. Bard, Inc. Used with permis- 
sion. Ajust is a registered trademark of C. R. Bard, Inc.) 


made in the midurethra. Dissection is carried out 
horizontally toward the ischiopubic ramus. Starting 
with the fixed anchor side, the introducer is then 
passed toward the cephalad margin of the ischiopu- 
bic ramus. Once the fixed anchor passes the ischio- 
pubic ramus, the surgeon halts the push maneuver 
and pivots the introducer handle past the midline 
and toward the obturator internus muscle. The 
fixed anchor is then pushed through the obturator 
internus muscle and membrane, ensuring the mid- 
line mark is at or slightly beyond midline on the 
side of insertion. The anchor is then released, the 
introducer is removed, and appropriate fixation is 
confirmed with a gentle tug on the mesh. The 
adjustable anchor is then loaded and placed on the 
contralateral side using the same technique. Once 
placed, the adjustment tab and tubular mesh are 
pulled until proper tensioning is achieved. If 
desired, gentle counter-traction on the sub-urethral 
sling will loosen the mesh. After proper tensioning, 
the flexible stylet is inserted in the adjustment tab 
opening and a sling lock is advanced up to the 
adjustable anchor to lock it in place. Excess adjust- 
ment mesh is then trimmed, the incision is irri- 
gated, and the vaginal incision is closed. Cystoscopy 
is left to the discretion of the surgeon. 
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Results 


Peer-reviewed literature describing results from 
the Ajust SIS is limited. One group recently 
published its 1-year outcomes of a multicenter, 
prospective cohort of 90 women undergoing 
Ajust-SIS placement [56]. Patients had SUI or 
mixed incontinence with predominant SUI symp- 
toms, were not undergoing concomitant repairs, 
and did not have pelvic organ prolapse. At 12 
months after surgery, 72/90 (80 %) patients 
reported being either “much improved” or “very 
much improved.” One patient had sling place- 
ment converted to a standard midurethral sling 
for unclear reasons. Thirteen patients (14 %) 
were considered failures, that is, their symptoms 
were the same or worse or they had repeat incon- 
tinence surgery (five patients). Two patients had 
erosion of mesh into the vagina but were man- 
aged with local excision of eroded mesh. Of the 
85 patients not requiring reoperation, 17 % 
(14/85) had a positive cough stress test at 1 year, 
while 82 % (70/85) had a negative stress test. 
Thirty-one patients underwent sling placement 
under local anesthesia: 97 % were completed, 
with 1 patient asking to be converted to general 
anesthesia due to pain. No patients had groin pain 
postoperatively. Meschia et al. published their 
data on 102 women undergoing Ajust sling place- 
ment, with an 85.7 and 91.4 % patient-reported 
and objective cure rates, respectively [57]. 


Conclusion 


SUI is a common yet surgically correctable prob- 
lem in many adult women. Traditional retropubic 
and transobturator slings have high success rates 
that have years of data to support their use. 
Nonetheless, blind passage of trocars during 
these procedures affords the opportunity for 
serious injury to visceral and vascular structures. 
SIS seek to provide the same benefit with lower 
morbidity. While the procedures are similar to 
traditional midurethral slings, SIS are not inter- 
changeable and require attention to detail as each 
sling has unique characteristics and operative 
steps. Rather than replace RPT and TOT slings, 
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SIS seek to provide patients with an option for 
treatment that has decreased complications, high 
continence rates, and the potential for placement 
under local anesthesia in the office setting. To 
date, literature reviewing the efficacy of these 
slings is mixed, and further long-term and ran- 
domized controlled trials are needed to delineate 
the role of SIS in the treatment of SUI. An FDA 
panel convened in September of 2011 agreed 
with the need for further study. The group recom- 
mended that premarket evaluation of mini-slings 
should include clinical studies involving a con- 
trol arm of women using a transobturator or ret- 
ropubic sling. Furthermore, postmarket studies 
are necessary to study the efficacy and safety of 
currently available SIS. These studies should be 
randomized or have a rigorous cohort design, 
compare women with SIS to women with tran- 
sobturator or retropubic slings, and have 3-5 
years of follow-up [58]. 
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Fascial Slings: Is There Still a Place? 


E. Ann Gormley 


Indications 


The gold standard sling, prior to the widespread 
adoption of the midurethral sling was the pubo- 
vaginal rectus fascial sling. The early operative 
descriptions of fascial slings by Aldridge and 
Millen in the 1940s describe the rectus fascia 
being left attached on one or both ends and a strip 
or two strips of fascia being passed under the ure- 
thra and either sutured to the other strip or being 
brought back through the space of Retzius on the 
other side and sutured to the underside of the rec- 
tus fascia [1, 2]. The fascial sling that is used 
today was introduced to the urologic community 
in 1978 by McGuire and Lytton [3]. They used a 
combined abdominal vaginal approach using rec- 
tus fascia. Fascial slings were initially advocated 
for complicated cases, patients who had failed 
multiple procedures such as Kelly plications, 
needle suspensions, or retropubic bladder neck 
suspensions and for patients with recognized 
intrinsic sphincter dysfunction (ISD). A number 
of publications in the last half of the 1990s, 
including the AUA guidelines for the surgical 
treatment of female stress urinary incontinence 
(SUD) in 1997 helped to fuel the use of the fascial 
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sling as the main surgical procedure for virtually 
all stress incontinent patients [4]. With the advent 
of synthetic midurethral slings, many urologists, 
including some who exclusively practice female 
urology, have never performed a pubovaginal 
fascial sling. 

Today in the era of synthetic slings, there 
remains a role for the pubovaginal fascial sling. 
Patients with pure ISD, however one defines that, 
should be offered a fascial sling or an injectable. 
Although there are studies that show success of 
midurethral slings in patients with ISD, one needs 
to be very cautious in the patient with a fixed ure- 
thra since according to Ulmsted’s Integral theory 
a midurethral synthetic sling should not work 
without urethral mobility [5]. 

Synthetics should be avoided in any patients 
where sling tension might be beneficial, for exam- 
ple, the patient with myelodyplasia and a wide 
open bladder neck. If the goal of the sling is to 
close the bladder outlet, then this is better done at 
the bladder neck with fascia since putting tension 
on the midurethra with a synthetic may increase the 
risk of urethral erosion. In a female neurogenic 
patient undergoing an incontinent or continent 
catheterizable stoma, who requires a bladder neck 
closure, a fascial sling at the bladder neck can be 
utilized. This is advantageous compared to a 
formal bladder neck closure since the urethra can 
still be catheterized or scoped if there are problems 
with the stoma or catheterizable channel. 

Synthetics are also avoided where there is a 
higher risk of infection because of contamination. 
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Examples of this would include the sling placed 
in a neurogenic patient who is also undergoing a 
bladder augmentation with bowel or the patient 
who is having a sling placed concomitantly with 
excision of a periurethral abscess or repair of a 
urethral diverticulum. Fascial slings are also the 
preferred sling material at the time of or following 
urethral reconstruction. 

Patients with urethral mobility may also be 
offered a fascial sling. The ideal patient for a fas- 
cial sling who has urethral mobility is the patient 
who wishes to avoid a synthetic. This could be 
the patient who has failed a prior synthetic sling 
or had a synthetic complication or it may just be 
a patient who for some reason would prefer that 
her own tissue be used. As there is more scrutiny 
of the use of vaginal mesh for prolapse repairs an 
increasing number of patients are opting not to 
have any form of synthetic mesh implanted. 
The age of the patient must also be considered. 
Although synthetic midurethral slings offer the 
young woman a much quicker recovery we do 
not know the very long-term consequences of 
mesh in the vagina. This is of particular concern 
when a young woman is undergoing a second 
mesh sling or if the sling is being placed concom- 
itantly with or following the placement of vaginal 
mesh for prolapse. 

Preoperative counseling should consist of a 
discussion of the risks and benefits of autologous 
tissue vs. synthetic grafts, including potential for 
more abdominal wound discomfort or voiding 
problems with the use of their own fascia vs. 
complications of synthetics. 


Results 


Cure rates for fascial slings have generally been 
estimated to be in the range of 80-90 % [6]. In 
the AUA Guideline for the Surgical Management 
of Female Stress Urinary Incontinence in 2010, 
efficacy data were available for a variety of types 
of fascial slings but most of the available studies 
reviewed describe autologous fascia slings as 
described in this chapter [7]. In patients only 
undergoing a sling, the estimated cured/dry rates 
ranged between 90 % at 12—23 months and 82 % 
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at 48 months or longer. The number of series 
reviewed where patients underwent a concurrent 
prolapse treatment were much smaller with far 
fewer patients but the cured/dry rates were similar 
and ranged from 85 to 92 %. In the Panel’s meta- 
analysis of fascial slings alone, the estimated 
rates of postsurgical urge incontinence were 
33 % in patients with preexisting urge inconti- 
nence and de novo urge incontinence was noted 
in 9 % of patients. The estimated rate of retention 
was 8 %. Complications were infrequent and 
included urinary tract infection (16 %), bladder 
injury (4 %), and wound complications (8 %). 
In those series where patients underwent a sling 
with a prolapse repair complication rates were 
similar. 

The largest and most rigorous randomized 
trial involving fascial slings is the Urinary 
Incontinence Treatment Network’s SISTeR Trial 
[8]. Using a very strict definition of continence, 
the SUl-specific treatment success for a sling 
which included a negative cough and Valsalva 
stress test, no self-reported stress symptoms and 
no retreatment for stress incontinence, was 66 % 
at 24 months. Overall treatment success at 24 
months for a sling was 47 %. Both of these were 
superior to the success rate for a Burch colposus- 
pension. Patient satisfaction with a sling at 24 
months was 86 % which was significantly higher 
than the Burch which was 78 %. The most com- 
mon complications in the sling group were urinary 
tract infections. Procedures to improve voiding 
occurred exclusively in the sling group and were 
required in 6 % of patients. 

Although fascial slings are felt to be durable, 
there is a fall off in success rate over time. This 
was shown in an extension of the SISTeR trial 
(E-SISTeR) where patients who completed the 
SISTeR trial were followed for a total of 5 years 
[9]. The criteria for success in this trial was 
slightly different since patients did not do pad 
weight tests or undergo stress testing during the 
follow-up period. The success rate for fascial 
slings at 2 years was 52 % and 30.8 % at 5 years. 
The surgical retreatment rate for SUI was 2 %. At 
5 years 83 % of all women in the fascial sling 
group were satisfied as compared to a satisfaction 
rate of 87 % at 2 years. 
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Technique 


A combined abdominal and vaginal approach is 
used with the patient in the low lithotomy posi- 
tion. The lower abdomen, perineum, and vagina 
are prepped and draped to provide access to the 
lower abdomen and vagina. A Foley catheter is 
placed in the bladder to drain the bladder and to 
allow for palpation of the bladder neck. A 6-8 cm 
long transverse suprapubic incision is made 
2—4 cm above the symphysis. The rectus fascia is 
exposed and incised transversely above the sym- 
physis. The fascia is lifted off the rectus muscle 
bellies and a strip of fascia measuring 1.5-2 cm 
by 6-8 cm is harvested. Each end of the strip of 
fascia is whip stitched with a running 0 nonab- 
sorbable suture and tied down leaving both ends 
as long as possible. 

A weighted vaginal retractor, such as a 
Schurback, is inserted into the vagina. The ante- 
rior vaginal wall at the level of the bladder neck 
is infiltrated with a dilute vasopressin solution. 
A 4—5-cm vertical midline incision or an inverted 
U-shaped incision is made in the vaginal wall 
from the midurethra to the bladder neck. Using 
Metzenbaum or Church scissors, the vaginal wall 
is sharply dissected laterally off of the periure- 
thral fascia which is identified as a glistening 
white color. Dissection in this plane is relatively 
bloodless and prevents inadvertent entry into the 
bladder or urethra. The vaginal wall is dissected 
laterally on both sides toward the ischium. 
Once the sling has been prepared, the pubocervi- 
cal fascia is perforated sharply on either side of 
the urethra by keeping the scissors parallel to the 
perineum and aiming for the patient’s ipsilateral 
shoulder thus gaining entry into the retropubic 
space. Finger dissection is used to create a tunnel 
for the sling into the retropubic space toward the 
rectus muscle bellies. 

The retropubic space is entered via a suprapu- 
bic approach, by “popping” the index finger 
through the triangle bounded by the rectus mus- 
cle and the inguinal ligament. Retropubic tunnels 
are developed in continuity with the vaginal dis- 
section by palpating the fingertip of the vaginal 
operator behind the rectus muscle. Via a vaginal 
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approach the surgeon inserts an index finger into 
one side of the vaginal incision and up into the 
retropubic space. A curved clamp, such as a 
Crawford, is advanced through the retropubic 
tunnel from above down using the vaginal finger 
as a guide. The nose of the clamp is kept in con- 
stant contact with the posterior surface of the 
symphysis to avoid entering the bladder. Once 
the clamp is passed through the retropubic space 
and out the vaginal incision the clamp is opened 
and one end of the sling sutures is grasped and 
pulled retropubically into the abdominal wound. 
The same procedure is then repeated on the oppo- 
site side to draw up the other end of the sling 
suture into the abdominal wound. The Foley is 
removed and a cystoscopy is performed to rule 
out bladder, urethral, or ureteral injury. Bilateral 
ureteral jets should be seen to insure ureteral 
patency. If a bladder perforation has occurred, the 
sling is removed and a new retropubic tunnel is 
created. With the Crawford clamp in place, a 
cystoscopy is repeated. Visualization of a clamp 
in the bladder is very dramatic, whereas it is 
possible to miss seeing a piece of sling suture 
peeking through a small hole. 

If no perforation is seen, the sling is gently 
pulled into the retropubic space bilaterally to seat 
the sling at the bladder neck. The sling is sutured 
to the periurethral fascia with one or two 3-0 
absorbable sutures. The sling sutures are passed 
through two small stab wounds in the inferior 
leaf of the rectus fascia. The abdominal fascia is 
further dissected off of the rectus muscle so that 
it can be closed without tension and the vaginal 
wound is closed. 

With a Foley catheter in the urethra, the sling 
tension is adjusted so that gentle traction on the 
Foley catheter does not result in inferior urethral 
mobility. The sling is generally tied very loosely so 
the surgeon can place 2-3 fingers between the fas- 
cia and the knot of the sling sutures. The suprapu- 
bic wound is closed and a vaginal pack placed. 
Abdominal pain and wound issues can be mini- 
mized by closing the fascia without tension and by 
meticulous hemostasis which may prevent seroma 
formation and subsequent wound break down. 

An alternative method of obtaining fascia is to 
use a fascial stripper to harvest fascia lata. 
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Historically this was done through two or three 
transverse incisions on the lateral thigh and 
resulted in a very long strip of fascia. The main 
reason to consider using fascia lata today is in the 
patient with a large piece of mesh abdominally. 
In the patient with a hostile abdominal wall, 
abdominal dissection can be limited by passing 
the sling sutures using a Stamey or Peyrera type 
needle. A cystoscopy should be performed with 
the needle(s) in place. 


Postoperative Problems 


Urinary retention, which is usually the result of 
too much tension at the urethrovesical junction, 
is the greatest concern. Straining to void causes 
the sling to tighten. The patient must learn to void 
by relaxing and allowing the detrusor to contract. 
Clean intermittent catheterization is used until 
normal voiding occurs. If the patient is unable to 
resume normal voiding in 4-8 weeks, division of 
the sling vaginally will often result in resumption 
of normal emptying. Recurrent stress inconti- 
nence is very rare following sling incision. 

In patients with mixed incontinence preopera- 
tively, 20-35 % will have persistent urgency incon- 
tinence postoperatively. Fortunately most of these 
patients will respond to antimuscarinic treatment. 

Persistent stress incontinence occurs if the 
sling is not tight enough to sufficiently compress 
the urethra particularly if there is excessive scar- 
ring from previous procedures. Rarely recurrent 
stress incontinence develops when the sling 
suture pulls out of the fascia or breaks in the early 
postoperative period. To prevent this, patients are 
advised to refrain from lifting for 4-6 weeks. 

Urethral erosion with autologous fascial slings 
is exceedingly rare and in at least one of these 
cases the sling was inadvertently placed at the 
midurethra rather than at the bladder neck [10]. 

Wound problems, including wound seroma 
and infection, occur rarely but can be particularly 
problematic in the obese patient. Some patients 
may develop pain where the sling suture comes 
through the rectus. If this persists beyond 6 weeks, 
the sling suture can be removed under local 
through the prior abdominal incision. 
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Recurrent urinary tract infections do occur in 
the postoperative period and may be due to 
incomplete bladder emptying. Cystoscopy should 
be performed for persistent infections to insure 
that there is no sling or suture material in the 
bladder or urethra. 


Conclusion 


Ideally patients with SUI should be offered a 
choice of incontinence procedures and the 
choices should include a choice of sling material. 
To date the patient’s own fascia is considered 
superior to cadaveric or xenograft tissue making 
it the best option for the patient who wishes to 
avoid a synthetic. There are also unique clinical 
situations where autologous tissue may offer an 
advantage to a synthetic sling including the need for 
tension on the sling and in cases where infection 
would be problematic. 
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Female Stress Urinary 
Incontinence Surgery 
Complications: Diagnosis, 
Evaluation, and Management 


Eric S. Rovner and Alienor S. Gilchrist 


Stress urinary incontinence (SUI) affects upwards 
of 40 % of American women [1]. Over the past 
several years, surgical treatment of SUI has 
evolved from mainly transvaginal needle suspen- 
sions, anterior vaginal wall plications, and retro- 
pubic suspensions to various types of slings, most 
commonly midurethral polypropylene slings. 
Sling surgeries for SUI can be classified by com- 
position (autologous fascia, biologic or synthetic 
nonabsorbable materials), location of the sling 
(midurethral or beneath the bladder neck), and 
approach of placement (retropubic or transobtu- 
rator). A full discussion of all the types of slings 
and sling complications is beyond the scope of this 
article but specific operations will be discussed 
where appropriate. The majority of the following 
discussion concerns midurethral slings via tran- 
sobturator or retropubic approaches. Surgical 
treatment of SUI comprises some of the most 
commonly performed operations in the United 
States. Thus, it is important to understand how to 
avoid and, when necessary, diagnose and treat 
complications related to these surgeries. 
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Prevention of Complications 


Although most complications are treatable and 
reversible, the optimal scenario is to prevent or 
minimize potential for adverse outcomes. This 
process begins in the preoperative period, initiated 
during the diagnostic evaluation and work-up. 
When determining the optimal surgical therapy for 
patients with urinary incontinence, many factors 
should be considered, including etiology and 
type of urinary incontinence and/or prolapse, 
bladder capacity, renal function, sexual function, 
medical comorbidities, or concurrent abdominal 
or pelvic pathology requiring surgical correction, 
prior abdominal and pelvic surgery, and finally, a 
patient’s suitability for and willingness to accept 
the risks of surgery. 

Standard preoperative evaluation of an indi- 
vidual with stress incontinence should include a 
focused history and physical, objective demon- 
stration of SUI, an assessment of post-void resid- 
ual urine volume and urinalysis and culture if 
warranted [2]. It is recommended that the incon- 
tinence be characterized and symptom impact and 
patient expectations be assessed. Additional stud- 
ies may be indicated to evaluate the lower urinary 
tract, including pad tests and voiding diary, cys- 
toscopy, and imaging. Furthermore, voiding 
function should be characterized, with noninva- 
sive flow and post-void residual measurements, 
with invasive urodynamics reserved for patients 
with abnormal findings, mixed incontinence or 
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history of neurologic abnormalities or dysfunctional 
voiding [2]. 

Reversible factors should be addressed. For 
those with postmenopausal, hypoestrogenic vagi- 
nal atrophy, topical estrogen replacement may 
reduce the incidence of postoperative vaginal 
wound dehiscence or extrusion of sling material. 
Urinary tract infection and genital tract infection 
(e.g., candidiasis) should likewise be treated 
prior to surgical intervention. Nutritional disor- 
ders should be assessed and corrected preopera- 
tively prior to pursuing elective surgery, such as 
SUI surgery. Finally, any medical comorbidities 
that can be optimized (i.e., diabetic control, 
hypertension) should be pursued. For obese indi- 
viduals, recent data suggests weight loss may be 
associated with improvement or resolution of 
SUL In a recent large randomized trial, 52 % 
women with weight loss experienced 70 % 
improvement in frequency of stress incontinent 
episodes and 29 % of women had resolution of 
their SUI [3]. Weight loss may avoid surgery in 
this high risk group. 

Choice of operative technique should be tai- 
lored to unique scenarios. For example, synthetic 
slings should be avoided in stress incontinent 
patients with the presence of intraoperative ure- 
thral injury, urethrovaginal fistula, or urethral 
diverticulum [2]. In the setting of concurrent pro- 
lapse, slings should be tensioned after prolapse 
repair is completed [2]. Cystoscopy should be 
performed intraoperatively in all patients under- 
going sling surgery. 

Complications occur for a variety of reasons. 
Petri et al. [4] looked at a series of 328 reinter- 
ventions following midurethral slings at four 
tertiary urogynecology centers in Europe. The 
indications for reoperation were varied and 
included obstruction, dysuria, and a host of oth- 
ers. The most common reason cited for failure 
of the previous operation was poor surgical tech- 
nique, however, with the next most common rea- 
son being the wrong surgical indication. Both of 
these factors certainly can be addressed and mini- 
mized preoperatively. Operative experience 
with a given procedure has also been cited as an 
important factor contributing to the risk of oper- 
ative complications. Kuuva and Nilsson [5] 
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reviewed a nationwide database on midurethral 
slings and noted that operative complications 
varied inversely with surgical experience. As 
surgeons did more procedures, the incidence of 
complications declined dramatically. This sup- 
ports the notion that surgeons who are relative 
novices at a given procedure are at risk for having 
more complications than their experienced 
colleagues. 


Complications Related 
To SUI Surgery 


Intraoperative Complications 


Bleeding 

Multiple blood vessels traverse the deep pelvis 
including large venous channels in the retropubic 
space. Named vessels in the obturator fossa along 
the pelvic sidewall including the iliac vessels and 
within the vascular pedicle of the bladder are at 
risk for injury especially during vaginal inconti- 
nence surgery due to lack of direct visualization 
of these structures during passage of trocars or 
needles. Major vascular injury can quickly lead 
to life-threatening hemorrhage if not recognized 
intraoperatively and may result in large retropu- 
bic hematomas postoperatively [6, 7]. In a series 
of over 5,000 midurethral slings, bleeding prob- 
lems were seen in 2.7 % of cases [8]. Only 0.8 % 
of patients required intervention for bleeding; the 
vast majority of cases were managed conserva- 
tively without operative intervention. Less than 
1 % of patients required transfusions. There were 
no deaths reported in this series as a result of 
bleeding. In a multicenter randomized controlled 
trial of 597 women undergoing retropubic versus 
transobturator sling for stress incontinence, the 
incidence of bleeding requiring blood transfusion 
was 6 % vs. 2.3 %, respectively [9]. 

The risk of bleeding during surgery can be 
minimized but not entirely eliminated by good 
operative technique. Bleeding during an open 
retropubic dissection, such as during Burch col- 
posuspension, is usually easily visualized and 
controlled with a combination of cautery, suture 
ligature, and direct compression, if necessary. 
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In contrast to bleeding during retropubic surgery, 
bleeding during transvaginal surgery can be 
more problematic at times and more difficult to 
control. The initial dissection of the vaginal wall 
from the underlying fascia should be associated 
with minimal bleeding. Bleeding encountered 
during this early dissection may indicate an 
excessively deep and incorrect surgical plane 
within the wall of the bladder or urethra. In this 
circumstance, immediate recognition and reeval- 
uation is necessary to avoid inadvertent entry into 
the urinary tract and to minimize bleeding. 
Following identification of this situation, dissec- 
tion should proceed in the proper surgical plane; 
in reoperative surgery, however, this plane may 
be difficult to identify. 

Another common site of bleeding during 
transvaginal anti-incontinence surgery occurs 
when traversing the endopelvic fascia from the 
vaginal side as during a retropubic urethrolysis. 
Entry into the retropubic space from the trans- 
vaginal side or placement of the suprapubic nee- 
dles or trocars from the abdominal side may be 
associated with copious bleeding as the endopel- 
vic fascia is perforated. If the bleeding is brisk, 
the vagina can be packed. It can be very helpful 
to manually elevate the anterior vaginal wall and 
compress it anteriorly directly against the poste- 
rior symphysis pubis for several minutes using 
the surgeon’s hand, sponge stick, or a retractor. 
These maneuvers will effectively tamponade 
bleeding in the retropubic space. Packing and 
compression will result in adequate control in the 
majority of cases; if not, the surgeon should 
expeditiously complete the procedure, close the 
incisions, and pack the vagina [10]. Occasionally, 
in addition to vaginal packing, a Foley catheter 
placed per urethra with the balloon overinflated 
and then placed on traction will add additional 
security. Brisk bleeding that does not respond to 
manual compression for an extended period of 
time may suggest a major vessel injury and man- 
dates further evaluation. 


Urinary Tract Injury 

During surgery, the urethra, bladder, or much 
more rarely the ureters may be injured. Although 
rare, major complications from slings remain 


under-reported in the literature [11]. The key to 
the management of each of these injuries is 
immediate recognition and repair. Long-term 
sequelae resulting from unrecognized urinary 
tract injury can be devastating to the patient, with 
potentially substantial medicolegal implications 
for the physician. 


Urethra 


From the transvaginal side, injury to the urethra 
may occur during initial dissection of the vaginal 
wall off the underlying fascia. Excessively deep 
dissection, especially in reoperative surgery, risks 
urethral injury. This is usually although not 
invariably heralded by an unexpected amount of 
bleeding. Placement of a urethral catheter prior to 
incision will help to identify the urethra intraop- 
eratively, and in the case of urethral injury will 
allow immediate recognition as the catheter may 
become visible in the operative field. If a urethral 
injury is suspected, urethroscopy may be per- 
formed. The urethra should be repaired immedi- 
ately and primarily in two layers using absorbable 
sutures in a watertight fashion. The urethra can 
be repaired over a 14F or larger catheter. It is not 
necessary to leave a drain other than the urethral 
catheter. Failure to recognize the injury or failure 
to repair it properly risks urethrovaginal fistula, 
erosion of sling material into the urethral lumen 
postoperatively (especially synthetic sling mate- 
rial), infection, and a multitude of other potential 
problems [12]. The urethra may also be perfo- 
rated with trocar passage during midurethral 
sling procedures. This is reported in less than 1 % 
patients [12]. Countertraction during the initial 
dissection, maintaining good exposure, and a 
working knowledge of the anatomy are helpful in 
avoiding urethral injury. 

In the event of a planned synthetic sling in the 
setting of a concomitant urethral injury, it is 
advisable to repair the urethra and abort the sling 
procedure until the urethra is completely healed [2]. 
An autologous sling may be considered a safer 
alternative than a synthetic sling at the time of a 
urethral injury as an anti-incontinence procedure, 
but insufficient data supports this notion [2]. 
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The urethra is rarely injured during retropubic 
surgery as the middle and distal thirds are pro- 
tected by the symphysis pubis. 


Bladder 


Intraoperative bladder injury may occur during 
transabdominal as well as transvaginal surgery. 
The potential for urinary tract injury varies con- 
siderably with the experience of the surgeon as 
well as operative approach [13]. Two recent large 
multicenter randomized controlled trials compar- 
ing retropubic versus transobturator midurethral 
slings demonstrated higher rates of bladder injury 
in the retropubic approach [9, 14]. In the Urinary 
Incontinence Treatment Network (UITN) trial of 
midurethral slings, Richter et al. reported a 5 % 
bladder perforation rate in the retropubic cohort 
but no perforations in the transobturator cohort 
[9]. Similarly, Barber et al. reported an 8 % rate 
of intraoperative bladder perforation in the retro- 
pubic midurethral sling approach, compared with 
0 % in the transobturator approach [14]. The 
Cochrane review of midurethral slings analyzed 
18 trials comparing retropubic versus transobtu- 
rator approaches and found bladder perforation 
occurred significantly less frequently via the 
transobturator approach, 0.3 % vs. 5.5 % (RR 
0.14, 95 % CI 0.07 to 0.26) [15]. 

Although the type of approach (transobturator 
vs. retropubic) seems to impact the risk of blad- 
der injury [16], several recent papers have sug- 
gested that surgical inexperience is a risk factor 
for such injury as well [13, 17]. Upon reviewing 
1,136 consecutive women who underwent a 
midurethral sling procedure (retropubic in 874 
and transobturator in 262), Stav et al. reported 32 
bladder perforations, with 94 % of these perfora- 
tions occurring at the hands of inexperienced sur- 
geons (defined as having performed fewer than 
50 sling surgeries) [13]. Multivariate analysis 
revealed other significant independent risk fac- 
tors for bladder perforation included the presence 
of rectocele (OR 6.2), local anesthesia (OR 5.9), 
body mass index less than 30 kg/m? (OR 5.6), 
previous Cesarean section (OR 3.7), and previous 
colposuspension (OR 3.2) [13]. McLennan et al. 
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[17] reported that the risk of bladder perforation 
in a resident training program varied inversely 
with the number of cases done by the trainee. 
Redo surgery is almost certainly associated with 
a higher risk of urinary tract injury in patients 
undergoing midurethral sling surgery. Jeffry et al. 
[16] reported a bladder perforation rate during 
TVT of 71.4 % vs. 7.6 % in patients with prior 
surgery vs. those without. Likewise, in patients 
undergoing SPARC, Deval et al. [18] reported a 
36.6 % vs. 7.5 % urinary tract injury rate in 
those with a history of prior surgery versus 
those without it. 

Injury to the bladder during midurethral sling 
procedures is diagnosed intraoperatively by care- 
ful endoscopic examination of the bladder and 
bladder neck with a 70° lens following passage of 
the trocars. The bladder should be distended and 
then examined to ensure that a small injury does 
not go unrecognized in a fold of the bladder wall. 
To avoid injury during trocar needle passage, the 
urethra should be clearly palpated, the bladder 
drained prior to trocar passage, and the pelvic 
anatomy well delineated. If a bladder injury is 
noted intraoperatively, the trocar should be 
removed and reinserted. Bladder injury from a 
trocar usually does not require primary closure. 
Postoperative drainage of the bladder with a 
Foley catheter, however, is desirable to avoid uri- 
noma, fistula formation, and pelvic abscess, 
though the optimal duration of catheter drainage 
in this setting is not well defined. 


Ureter 


In the era of midurethral slings, ureteric injury 
should be extraordinarily rare. Virtually all ure- 
teric injuries can be identified by intraoperative 
cystoscopy. The administration of intravenous 
dyes such as indigo carmine permits obvious visu- 
alization of ureteral efflux confirming ureteral 
patency. Suspected ureteral injuries are confirmed 
by retrograde _pyeloureterography. Ureteral 
obstruction from suture placement may be treated 
by removal of the offending suture and placement 
of a temporary indwelling ureteral stent. Ureteral 
transection requires ureteroneocystostomy. 
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Vagina 


Perforation of the vaginal epithelium can occur 
during vaginal wall dissection or trocar passage 
for midurethral slings. Perforations from trocar 
passage, when unrecognized intraoperatively, 
will result in sling exposure in the vaginal 
cavity. This complication is often misclassified 
postoperatively as extrusion of the synthetic 
sling. 

In the UITN trial of midurethral slings 
(TOMUS), Richter et al. reported a 4.3 % rate of 
vaginal epithelial perforations in the transobtura- 
tor group compared with 2.0 % rate in the retro- 
pubic sling group [9]. Perforation from the trocar 
is identified intraoperatively by thorough visual 
inspection and palpation of the lateral fornices of 
the vagina following trocar passage. If perfora- 
tion occurs, the trocar should be removed and 
repassed. The perforation may be oversewn with 
absorbable suture and does not preclude place- 
ment of a synthetic sling. 


Bowel Injury 

There exist multiple reports of bowel injury dur- 
ing urinary incontinence surgery [19-21]. 
Fortunately, this is a rare complication. Bowel 
injury may occur during entry into the retropubic 
space during an autologous pubovaginal sling or 
urethrolysis, or during passage of needle passers 
or trocars during midurethral slings. These can be 
devastating complications leading to sepsis, 
abscess, and even death [19]. Unfortunately, most 
of these injuries are not recognized until the post- 
operative period leading to considerable morbidity. 
Initial signs and symptoms heralding a bowel 
injury may be subtle including low-grade 
fever, abdominal pain, and ileus. If suspected, a 
diagnostic evaluation including plain and 
upright abdominal radiographs evaluating for 
the presence of intra-abdominal free air and 
cross-sectional imaging should be pursued 
expeditiously. Laparotomy, repair of the bowel 
injury, and possibly bowel resection are neces- 
sary for definitive treatment. In some cases, 
temporary proximal bowel diversion may be 
necessary. 


Postoperative Complications 


Voiding Dysfunction and Urinary 
Retention 


Bladder outlet obstruction (BOO) following SUI 
may present as prolonged complete urinary reten- 
tion, persistently elevated post-void residual urine 
volume, recurrent urinary tract infections, or as 
variably bothersome and poorly categorized lower 
urinary tract symptoms including combinations of 
obstructive symptoms and urinary urgency or urge 
incontinence. These last two groups are difficult 
to identify and are often not recognized as BOO 
by many authors. Unfortunately, development of 
postoperative voiding dysfunction can be unpre- 
dictable. Lemack et al. demonstrated that preop- 
erative urodynamic parameters were unable to 
predict development of postoperative voiding 
dysfunction or risk for surgical revision in women 
undergoing pubovaginal sling [22]. 

The incidence of postoperative voiding diffi- 
culties across different sling approaches is vari- 
able and is difficult to compare. De novo urge 
incontinence rates at 12-23 months following 
autologous fascial sling is 6-13 % compared with 
3-10 % with midurethral slings [2]. Historically, 
the incidence of postoperative retention lasting 
longer than 4 weeks or requiring intervention 
occurs in 2-8 % of patients undergoing autolo- 
gous fascial slings, 5-15 % of patients undergo- 
ing synthetic slings at the bladder neck, and 
2—4 % of those following midurethral slings [2]. 
The incidence of voiding dysfunction, including 
urinary retention and de novo urgency and urge 
incontinence, following midurethral slings ranges 
from approximately 3 to 21 % [9, 23-28]. 
Surgical intervention for voiding dysfunction and 
urinary retention has been reported in 0 to 4 % of 
patients undergoing midurethral slings [9, 24-27]. 
Short-term voiding difficulties and postoperative 
urgency following autologous pubovaginal sling 
appear more likely than following Burch [29]. 
The minimally invasive midurethral sling proce- 
dures are mechanistically tension-free and as 
such it is not surprising that they likely result in 
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an overall lower incidence of postoperative voiding 
dysfunction than other types of open SUI proce- 
dures. When comparing the incidence of postop- 
erative voiding dysfunction by midurethral sling 
approach, specifically transobturator vs. retropu- 
bic, the Cochrane review meta-analysis found no 
difference across 24 trials [15]. In 197 patients 
who underwent midurethral sling revision for 
voiding dysfunction, preexisting obstructive 
voiding symptoms, retropubic sling type, and 
concurrent surgery at the time of sling place- 
ment were found to be risk factors for sling 
revision [30]. 

In many individuals with lower urinary tract 
symptoms postoperatively who are not in frank 
urinary retention, the diagnosis of BOO is 
extremely difficult. Urodynamics, especially 
videourodynamics are often pursued diagnosti- 
cally but may not be helpful in many cases as the 
classic “high pressure-low flow” pattern may not 
be present. Furthermore, there are no pressure- 
flow urodynamic criteria that accurately predict 
for successful voiding following urethrolysis. 
Various nomograms [31-33] have been devel- 
oped for the diagnosis of female BOO but none 
are absolutely accepted as the gold standard. For 
patients not in frank urinary retention, the diag- 
nosis of BOO is strongly suggested by postopera- 
tive onset of irritative voiding symptoms, recurrent 
urinary tract infections, and a poor urinary stream. 
Physical examination may be completely normal 
or suggest an oversuspended midvaginal segment 
or the lack of mobility of the urethra following 
insertion of a metal sound. A swan neck deformity 
may be seen during valsalva maneuver in some 
individuals. De novo prolapse should be excluded 
as a cause of postoperative BOO. 

The timing of intervention associated with iat- 
rogenic BOO is controversial. Indeed, most 
patients with transient postoperative urinary 
retention resume normal voiding following 
midurethral slings within 1-2 days of the proce- 
dure. Some patients may be delayed for 1-2 
weeks, however, and those with a history of prior 
SUI surgery or those undergoing concomitant 
prolapse repair may be further delayed [34]. 
Some authors have recommended conservative 
therapy for postoperative voiding dysfunction for 
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up to 3 months prior to attempting surgical revi- 
sion [35]. However, a prolonged time to interven- 
tion for BOO may be associated with long-term, 
potentially irreversible bladder dysfunction, even 
following successful urethrolysis [36]. Compared 
with obstructive symptoms such as hesitancy, 
straining, and poor force of stream, overactive 
bladder symptoms caused by iatrogenically 
induced BOO following anti-incontinence sur- 
gery are less likely to improve despite a techni- 
cally successful operation. In one series, voiding 
symptoms resolved in 82 % of obstructed patients 
following urethrolysis while OAB (storage) 
symptoms resolved in only 35 % [37]. In this 
series, increased time to intervention was not cor- 
related with persistent detrusor dysfunction. 

Once the diagnosis of BOO is considered or 
established, options include long-term intermittent 
urethral catheterization with or without antimusca- 
rinic medication to reduce irritative symptoms, 
alpha-blocker pharmacotherapy (for which there is 
little or no evidence of efficacy in the setting of 
iatrogenic female BOO), and transvaginal incision 
of the sling. Anecdotal reports and small case 
series have suggested that urethral over dilation or 
re-exploration and “stretching” of the midurethral 
sling may have benefit for selected patients. 
Nevertheless, there is reasonable evidence that 
transvaginal incision of autologous pubovaginal 
slings as well midurethral slings is often highly 
successful in improving voiding dynamics [38-40]. 
This can be performed as short as one week from 
surgery, although there exists considerable vari- 
ability among authors with respect to optimal 
timing of intervention. South et al. describe 
greater improvement in lower urinary tract symp- 
toms when midline sling lysis is performed 
within one year after pubovaginal or midurethral 
sling [41]. The incision can be done under local 
anesthesia in some cases. Following isolation and 
division of the sling (Fig. 7.1), the edges of the 
cut sling often separate by 1-2 cm, indicating a 
satisfactory result. Iatrogenic obstruction due to 
autologous fascial slings is often treated in this 
manner as well [39]. 

For patients who fail transvaginal incision, a 
urethrolysis may be performed [42, 43]. Via a 
transvaginal or retropubic approach [42, 44, 45], 
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Fig. 7.1 Intraoperative isolation of obstructing midure- 
thral sling 


the retropubic space is entered and the urethra is 
sharply dissected off the posterior surface of the 
symphysis pubis and freed from the surrounding 
scar. The limbs of the sling or other retropubic 
attachments are isolated and divided in the retro- 
pubic space. Lateral attachments to the pelvic 
sidewall are incised as needed. A transvaginal, 
suprameatal approach to urethrolysis has also 
been described and may be particularly applica- 
ble when the anterior urethral surface is fixed to 
the symphysis, such as that following an MMK 
procedure. Recurrence of SUI symptoms follow- 
ing urethrolysis or sling incision may occur in 
9-20 % of patients [39, 41]. Patients should be 
counseled regarding this possibility preopera- 
tively as some may wish to continue on intermit- 
tent catheterization or other conservative therapy 
rather than risk recurrent SUI. 


Vaginal Extrusion and Urinary 
Tract Erosion 


Vaginal extrusion refers to finding exposed sling 
material in the vaginal canal postoperatively; 
erosion, however, suggests finding material 
within the lumen of the urinary tract at some 
time interval postoperatively that was clearly 


Fig.7.2 Extruded multifilament sling 


documented as not being within the urinary tract 
at the time of surgery. Reported rates of mesh 
extrusion and erosion range from 0 to 2 % [46]. 

Extrusion of material may be related to surgical 
technique, infection, or the physical properties of 
the implanted material. The extruded material 
may be located in the midline at the incision line 
or at the anterolateral vaginal wall. Midline 
extrusions imply wound dehiscence. Lateral 
extrusions may be caused by an unrecognized 
vaginal wall perforation or injury at time of sling 
placement. 

Usually symptomatic, patient complaints sug- 
gesting an extrusion include a malodorous vagi- 
nal discharge, vaginal spotting, vaginal pain, and 
dyspareunia. Patients may present several days to 
months postoperatively. On physical examination 
the extruded material is often visible (Fig. 7.2), 
but physical findings may also be quite subtle 
[47]. Granulation tissue suggests the presence of 
an extrusion. Extruded synthetic mesh is often 
palpable within the vagina, although patient dis- 
comfort may preclude a complete examination. 

Factors responsible for extrusion include the 
physical nature of the implanted material, quality 
of the vaginal tissues of the host, sling tension, 
wound healing, and infection [48]. It appears that 
multifilament materials are at greater risk for 
extrusion than monofilaments [49]. In addition, 
the pore size of the implanted sling material that is 
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large enough to permit fibroblast and macrophage 
infiltration and subsequent tissue ingrowth is an 
important factor in preventing extrusion [50]. 
Some risk factors are not well defined and are 
specific to the material leading to some products 
being removed from the market [51, 52]. It is 
notable that synthetic material placed years prior 
may eventually become infected and create a 
draining sinus, or become a nidus for pelvic infec- 
tion or recurrent UTIs [53]. These will require 
exploration and explantation. 

Small extrusions may heal with conservative 
management including the application of topical 
estrogen creams. Larger extrusions can be man- 
aged with copious irrigation and secondary 
closure in the operating room. Some patients with 
large extrusions may benefit from excision and 
removal of the extruded segment of the sling. 

Urinary tract erosion may occur with synthetic, 
biologic, or autologous materials [54]. This is a 
devastating complication that, unlike extrusion, 
is almost always managed operatively. Whether 
urinary tract erosion occurs as a result of a 
“missed” urinary viscus perforation at the time of 
surgery, or occurs as a result of migration of the 
material into the urinary tract sometime follow- 
ing surgery, is unclear. Patients may complain of 
irritative lower urinary tract symptoms, recurrent 
UTIs, hematuria, and dysuria, as well as pelvic 
pain. The definitive diagnosis is usually made 
endoscopically. For intravesical erosions, endo- 
scopic scissor or laser transection of the intraves- 
ical portion of the eroded sling may permit the 
remaining sling material to retract outside the 
urinary tract [55]. If this fails or is technically not 
feasible, then open operative exploration, removal 
of the eroded material, closure of the urinary tract, 
and postoperative drainage will be necessary. 


Nerve Injury 


Several nerves traverse through the deep pelvis as 
well as superficially within the lower abdominal 
soft tissues. These nerves are at risk for injury 
during female incontinence surgery. Stretch or 
compression injury to the femoral nerve can 
occur as a result of positioning. Femoral nerve 
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compression may occur at the level of the inguinal 
ligament caused by flexion of the hip joint, result- 
ing in sensory changes to the anterior thigh or in 
more severe cases weakness of hip flexion [56]. 
Severe abduction and external rotation of the 
thigh should be minimized during positioning to 
avoid this complication. 

The peroneal nerve can be injured by direct 
compression while in the lithotomy position. 
Lateral direct pressure on the peroneal nerve 
between the stirrup at the lateral aspect of the 
knee joint and the fibular head for a prolonged 
period of time may result in a peroneal nerve 
palsy and foot drop [56]. This injury may also 
occur with compression of the fibular head 
against the stirrup holder, especially candy-cane 
stirrups as the leg rotates externally after place- 
ment in the holders. The pudendal, ilioinguinal, 
and iliohypogastric nerves may be injured by 
suprapubic trocar placement or dissection result- 
ing in pain in the suprapubic region [57, 58]. 


Bone Anchor-Related Complications 


With the advent of minimally invasive midurethral 
slings, the use of bone anchors (BA) has declined; 
however, there are numerous reports of bone 
anchor-related complications, including osteitis 
pubis and osteomyelitis of the symphysis pubis 
[59-64]. Once diagnosed, osteomyelitis related to 
BAs requires operative exploration and removal 
of the bone anchor. BAs are often seated below 
the cortical bone, which mandates partial resec- 
tion of the overlying bone, usually with fluoro- 
scopic guidance, to locate and remove the BA. 


Sexual Dysfunction 


Historically, female sexual dysfunction following 
surgery for SUI has only infrequently been 
reported. Whether this is due to a generalized 
lack of understanding of the condition, lack of 
interest in reporting or investigating its occur- 
rence, or whether it is due to an actual low inci- 
dence is unclear. Only recently has there been a 
trend to query female patients regarding sexual 
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Fig. 7.3 Single incision 
sling removed from 
obturator muscle for 
obstruction and refractory 
groin pain (arrow indicates 
tissue anchor, M indicates 
obturator muscle) 


dysfunction and to date only a few instruments 
exist [65]. 

Female sexual dysfunction is a complex and 
poorly understood phenomenon [66-68]. A full 
discussion is beyond the scope of this paper. Coital 
incontinence can be improved following success- 
ful sling surgery and sexual function score is like- 
wise improved [69]; however, new onset sexual 
dysfunction following surgery unrelated to vaginal 
sling erosion has been reported in up to 20 % of 
individuals in some series [70, 71]. Shah et al. [72] 
reported no difference in female sexual function 
following distal urethral sling surgery. Brubaker 
et al. found that 2 years after pubovaginal sling 
surgery for SUI, patients reported improved sex- 
ual function with fewer incontinence episodes, 
less restriction of sexual activity as a result of fear 
of incontinence and no changes in rates of dyspa- 
reunia from baseline [69]. 

Dyspareunia is only one form of sexual dys- 
function but it may occur following anti- 
incontinence surgery as vaginal anatomy is 
altered by these types of surgery. The vaginal 
axis can be shifted changing the angulation of the 
vaginal canal and narrowing of the vagina may 
occur as a result of aberrant scarring. Dissection 
along the anterior vaginal wall may result in 
nerve injury and neuroma formation. Band-like 
formation from the sling can also occur and may 
be palpable by the patient or partner. Ross et al. 
found that 52 of 85 women had a palpable sling 
on exam one year after TOT midurethral sling 
compared with only 15 out of 90 in the TVT 
group; however, only 11 and 9 subjects experi- 
enced tenderness with palpation, respectively 
[24]. De novo dyspareunia secondary to anterior 


vaginal wall banding in the paraurethral folds 
immediately adjacent to the midurethral sling 
was reported in 16 % of patients undergoing TOT 
but was absent in patients undergoing a retropu- 
bic midurethral sling approach [73]. 

Other poorly defined and poorly understood 
factors contributing to postoperative sexual dys- 
function may exist. For example, in some series 
4-5 % of patients following TVT or intravaginal 
slingplasty procedure experienced decreased 
libido [49, 70]. The reason for this decreased 
libido is unclear. 

Postoperative dyspareunia should be assessed 
by a thorough physical examination. When vagi- 
nal scarring, banding, or narrowing, and espe- 
cially sling extrusion have been excluded, other 
causes for new onset sexual dysfunction should 
be explored and treated [74]. 


Other Postoperative Complications 


Refractory thigh or groin pain has been described 
following midurethral slings and may ultimately 
require surgical excision of the sling [75] 
(Fig. 7.3). Significantly higher rates of groin pain 
have been reported in the transobturator approach 
(12 %) compared with the retropubic approach 
(1.7 %) (RR 6, 95 % CI 3-11) in a recent 
Cochrane meta-analysis [15]. A recent study 
showing high initial incidence of postoperative 
thigh pain following transobturator tapes demon- 
strated almost complete resolution of pain after 6 
months [76]. In a series of 32 patients undergoing 
sling removal for chronic pelvic and perineal 
pain, TVTs were removed via laparoscopic 
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approach and TOTs with a combination of 
transvaginal and upper thigh incision, with 68 % 
of patients reporting improvement in pain and 
22 % developing recurrent incontinence [77]. 

Rates of postoperative surgical site infection 
have generally remained low, between 1 and 15 % 
[9, 14] since monofilament mesh has largely sup- 
planted multifilament mesh. However, thigh and 
pelvic abscesses have been reported with midure- 
thral slings and require excision of the infected 
mesh in addition to debridement [14, 78]. 

Incisional hernia at the rectus fascia harvest 
site has been described in a patient undergoing 
autologous fascial sling [79]. Care must be taken 
during the harvest to avoid neurovascular injuries 
and prevent postoperative hernia formation dur- 
ing fascial closure. 

Urinary fistula following anti-incontinence 
surgery is quite rare [80] yet an unrecognized 
and unrepaired intraoperative injury to the ure- 
ter, bladder, or urethra may result in ureterovagi- 
nal, vesicovaginal, or urethrovaginal fistula. 
Intraoperative recognition of the injury is critical to 
prevent fistula formation and thus the importance 
of a careful intraoperative endoscopic examination 
and confirmation of urinary tract patency cannot 
be overemphasized. Synthetic slings should be 
excised at the time of fistula repair and avoided 
when treating concomitant SUI, with options 
including autologous fascia slings and biological 
slings [2]. 


Conclusions 


Surgery for SUI can be associated with numerous 
complications. Prevention of complications is 
paramount. SUI surgery repair is almost always 
elective and therefore careful attention to opti- 
mizing the patient preoperatively is paramount. 
Proper preoperative diagnosis and assessment 
will permit operative intervention only when 
indicated and appropriate. The spectrum of com- 
plications is changing as different approaches 
and newer synthetic materials are integrated into 
surgical repair. Rapid recognition, evaluation, and 
intervention are necessary to assure satisfactory 
resolution. 
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Male Incontinence 


Rose Khavari and Timothy Boone 


History 


Surgical techniques to restore or resemble urethral 
sphincter function date back to 1947 when Foley 
reported his experience with an external cuff placed 
around the urethra and manually operated by the 
patient using a pneumatic piston [1]. Thereafter, 
Berry in 1961 used an acrylic block underneath the 
bulbocavernosus muscle to cause permanent com- 
pression of the urethra [2] and similarly Kaufman 
used a silicone-gel prosthesis to compress the bul- 
bar urethra in postprostatectomy patients [3]. 
Unfortunately, these devices were plagued with 
high rates of infection, urethral erosion, and poor 
continence rates. These complications led investi- 
gators to balance the pressure placed on the urethra, 
by trying to keep it less than the body’s systolic 
blood pressure, while providing sufficient pressure 
to create continence. Eventually, in 1973, Scott 
implanted the first-generation artificial urinary 
sphincter known today as the AMS 800 Artificial 
Urinary Sphincter (American Medical Systems, 
Inc., Minnetonka, MN) [4] and since Scott’s time 
this device has undergone minimal changes to its 
current AMS 800™ Urinary Control System con- 
figuration introduced in 1983. The AUS has proven 
to be an effective treatment for stress urinary incon- 


R. Khavari, M.D. * T. Boone, M.D., Ph.D. (È<) 
Department of Urology, Houston Methodist Hospital, 
6560 Fannin, Suite 2100, Houston, TX 77030, USA 
e-mail: tboone2 @tmhs.org 


tinence and is regarded as the “gold standard” by 
many experts. The contemporary AUS device has 
many advantages over preceding devices: it func- 
tions in a non-obstructive pattern with voiding, the 
pressure in the system is regulated by the reservoir 
balloon and not the patient, and it can be used for 
incontinence in both male and female patients [5]. 

The AMS 800 AUS has three components: (1) 
The cuff placed around the bulbar urethra or the 
bladder neck, (2) the balloon reservoir with various 
pressures (51—60, 61-70, 71-80 cmH,O), and (3) 
the scrotal or labial pump that contains the control 
mechanism and the deactivation button. Since all 
the three components can easily be connected and 
the system can be locked in a deactivated state, the 
AMS 800 AUS can be implanted in a single stage. 
After the recovery period, the AUS is activated by 
the pump allowing fluid in the system to fill the cuff 
and create a continent state. When the patient is 
ready to void, he or she can squeeze the scrotal or 
the labial pump and allow the fluid in the cuff to 
empty and return to the pressure regulating the bal- 
loon. After voiding the fluid automatically returns 
from the balloon to the cuff, repressurizing the sys- 
tem, thus closing the urethra. 


Patient Selection, Evaluation, 
and Preoperative Workup 


Although most artificial urinary sphincters are 
placed in postprostatectomy men with stress uri- 
nary incontinence, any male or female patient 
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with stress urinary incontinence can potentially 
be a candidate for AUS implantation. There is no 
strict lower limit or higher limit on the amount of 
incontinence. Females, children, patients with 
neurogenic bladder, or augmentation cystoplasty 
can be appropriately evaluated and potentially 
benefit from AUS. Along with counseling for 
AUS implantation, a history and physical exam, 
urodynamic testing, and cystourethroscopy is 
recommended. 

During history taking, the urologist should 
determine the cause for the patient’s incontinence 
(neurogenic, trauma, intrinsic sphincter defi- 
ciency, radiation, postprostatectomy, postcystec- 
tomy, etc.). Previous surgical procedures on the 
bladder and the urethra should be evaluated as 
well along with other comorbidities and condi- 
tions, including the patients overall health, anti- 
coagulation use, skin conditions, meatal stenosis, 
urethral strictures, and mixed urinary inconti- 
nence (urge and stress). Furthermore, assuring 
that the patient is able to use his or her hands and 
has sufficient dexterity is an important part of the 
preoperative evaluation. The patient’s willing- 
ness and cognition to operate the cuff every 4-6 h 
during the day should also be a part of preopera- 
tive discussion and counseling. One may also 
want to determine which hand is dominant for the 
patient in order to place the pump on that side of 
the scrotum or labia to facilitate operating the 
pump for the patient. 

The physical examination should include a 
thorough genitourinary exam in males (skin infec- 
tions, hernias, previous hernia surgeries, hydro- 
celes, etc.) and a complete pelvic exam in females 
since concurrent pelvic organ prolase, or vaginal 
atrophy may be present. Presence of some of 
these findings may require repair at the same set- 
ting or require staging prior to AUS procedure. 

Although the use of preoperative urodynamic 
testing in postprostatectomy patients undergoing 
AUS implantation is controversial, it can be used 
to confirm intrinsic sphincter deficiency, identify 
bladder capacity (we recommend a minimum of 
250 mls), detrusor compliance, and voiding pres- 
sures and patterns [6]. Lai et al. in 2011 reported 
their experience with preoperative overactive blad- 
der symptoms and mixed urinary incontinence in 
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129 postprostatectomy patients undergoing AUS 
implantation. They concluded that preoperative 
overactive bladder symptoms did not adversely 
impact the patient’s outcome after AUS place- 
ment. Furthermore, most of the patients with 
mixed urinary incontinence will continue to have 
their overactive symptoms after surgery, making 
preoperative counseling imperative. Development 
of de novo overactive symptoms in our series was 
23 % [7]. 

The authors recommend cystourethroscopy in 
all patients undergoing AUS. This will allow the 
physician to evaluate the urethra for any stric- 
tures, and the bladder for any foreign bodies, 
tumors, or stones. If any of these are discovered, 
they should be resolved prior to proceeding with 
AUS implantation. 


Operative Techniques 


Preoperatively, patients are counseled appropri- 
ately regarding the risks of infection, erosion, 
bleeding, and need for further procedures. A neg- 
ative urine culture must be present. The perineum 
is examined in the preoperative setting to ensure 
that there are no signs of skin infection or break- 
down. Perioperative deep vein thrombosis pro- 
phylaxis and perioperative antibiotics are 
administered based on AUA best practice guide- 
lines [8]. Hair in the perineum is trimmed right 
before the surgery. If a bulbar urethral cuff is 
planned, the patient is positioned in lithotomy 
with appropriate padding. If a bladder neck cuff 
is anticipated, a frog leg position is suitable. The 
authors do a full 10 min skin preparation with 
iodophor-based solution. We also recommend 
copious irrigation with antibiotic solution 
throughout the procedure. 

The cuff can be placed around the bulbar ure- 
thra which is the most common technique used in 
men, or around the bladder neck through a supra- 
pubic approach in children, or using a vaginal 
approach in females. 

For the bulbar urethral technique, the patient 
is placed in lithotomy position and we place a 
12F Foley to have the bladder drained during the 
procedure. By palpating the catheter in the 
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perineum, we identify the point of its turn through 
the pelvic floor and mark that as the middle of our 
incision. A vertical incision of about 5—6 cm is 
made and a Scott ring retractor (Lone Star 
Medical Products, Houston, TX) is used for 
exposure. Sharp dissection is used to expose the 
bulbocavernosus muscle which then is divided in 
the middle and retracted to the sides to expose the 
bulbous urethra. Using sharp dissection, the bul- 
bar urethra is freed circumferentially. Care is 
taken to do the dissection distal to the turn of the 
urethra to avoid injuring the posterior urethra. 
When the dissection is done safely, a right angled 
clamp is passed and the circumference of the ure- 
thra is measured by a measuring tape. The integ- 
rity of the urethra is assured by using a small 
caliber soft angiocath and injecting the antibiotic 
solution at the meatus alongside the Foley while 
gently pulling on the Foley balloon to close the 
bladder neck. If the urethra distends and there is 
no leak, we proceed with the measurement and 
the implantation. At any point, if there is any 
injury to the urethra, the surgery needs to be 
stopped and the AUS implantation postponed to a 
later date. The high risk of erosion and infection 
in the presence of urethral perforation biases us 
to stop the elective procedure. Based on our 
experience, most bulbar urethras will require a 
4.5 cm cuff (range 3.5-5 cm). From this point on, 
the sharp instruments on the field are used with 
care avoiding contact with the artificial urinary 
sphincter components. 

Prior to implantation of the AUS, all compo- 
nents are irrigated with normal saline and air is 
aspirated from all components and tubing. This 
will ensure the hydraulic mechanism of the sys- 
tem runs smoothly and decreases the risk of air 
interfering with the pump locking mechanism. 
The cuff is pulled posterior to the urethra using a 
right angled clamp and wrapped around and 
secured in place by placing the plastic tab over the 
button, ensuring the button is seated securely. 
Then our attention is turned to create a pocket for 
the pressure balloon in the space of retzius. Since 
most of our patients are postprostatectomy indi- 
viduals, the bladder is often adherent to the fascia. 
Therefore, we make a small suprapubic incision 
and carry it down to identify the fascia. The fascia 


93 


is opened with sharp dissection under direct 
vision and a small pocket is created lateral to the 
midline incision underneath the rectus abdominus 
muscle. Usually a 61—70 cmH,0 pressure balloon 
reservoir is chosen which is filled with 22 cc of 
saline. Although various contrast media and dilu- 
tions were used in the past to fill the tubing and 
the device, we currently use normal saline in 
almost all cases. Then the rectus abdominus fascia 
is closed and a tunnel above the fascia, starting 
from the most caudal portion of the incision to the 
base of the scrotum, is created. A subdartos pocket 
in the most dependant part of the scrotum is made 
using a long clamp. A long nasal speculum is used 
to guide the pump into the scrotal pocket where it 
is held gently with a Babcock clamp placed across 
the tubing and skin above the pump. All the tub- 
ing is brought to the suprapubic incision, trimmed 
to fit without excess tubing, and connected under 
direct vision using quick-connect system after 
ensuring the pressure balloon is filled appropri- 
ately. After all connections are made, the tubing 
can be secured to the fascia with one or two inter- 
rupted sutures over the connectors to make the 
tubing less palpable by the patient. We have found 
that tubing fixation in this manner helps prevent 
pump migration. The artificial urinary sphincter is 
cycled under direct vision, and then locked in the 
deactivated position. The bulbocavernosus mus- 
cle is reapproximated and the perineal incision is 
closed using long-lasting absorbable sutures in 
multiple layers and approximating the bulbocav- 
ernosus muscle. 

For bladder neck placement of the AUS cuff, 
the patient is placed in the frog leg position and a 
low midline or pfannenstiel incision is made. The 
bladder is mobilized and the endopelvic fascia is 
identified and opened under direct vision. The 
bladder neck is freed up posteriorly for about 
2 cm separating it from the rectum in males and 
the anterior vagina in females. EEA Sizers™ in 
the vagina or the rectum can help to separate 
these organs during difficult dissections in previ- 
ously operated or radiated fields. If identifying 
the bladder neck is difficult, one can make a small 
anterior cystotomy in a more cephalad part of the 
bladder to inspect and identify the bladder neck 
more precisely as long as this is well away from 
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the cuff. Any small perforation to the bladder or 
the urethra can be closed primarily and the proce- 
dure could be continued to the conclusion as long 
as the cuff is not placed over the perforation. The 
authors prefer to postpone the cuff placement 
unless the cystotomy is anteriorly located and 
well away from the bladder neck. We also recom- 
mend waiting 6 weeks prior to activating the 
AUS system. On the contrary, if an injury to the 
rectum occurs, then placement of the AUS should 
be aborted. The cuff size used during this tech- 
nique varies between 5 and 11 cm and the pres- 
sure balloon most commonly used is 
71-80 cmH,0 which is placed in the retropubic 
space. The pump is placed in the labia or the 
scrotum as discussed previously. All tubing is 
brought anterior to the rectus fascia and con- 
nected securely where the device is cycled under 
direct vision. 

The bladder neck cuff can also be placed 
through a vaginal incision in females. After plac- 
ing the patient in lithotomy and placing a Foley 
catheter, an inverted U incision is made with the 
apex at the bladder neck. The vaginal flap is com- 
pletely freed up and the endopelvic fascia is iden- 
tified bilaterally and perforated. The bladder neck 
and the proximal urethra is freed up and a mea- 
suring tape is used to measure the circumference 
of the bladder neck. A cuff is placed and we rec- 
ommend cystoscopy to ensure that the cuff is 
placed distal to the ureteral orifices. The bladder 
is tested for any inadvertent cystotomies which 
are repaired if identified. The rest of the proce- 
dure is similar to the one described above. 


Postoperative Care 


We recommend continuing the intravenous anti- 
biotic for 24 h per AUA best practice guidelines 
and early ambulation. Strict glucose control in 
the perioperative period is imperative in diabetic 
patients. The catheter is removed 24 h postopera- 
tively and we ensure the patients can empty their 
bladder without any difficulty prior to being dis- 
charged. We activate the AUS in 4—6 weeks in the 
clinic and provide appropriate patient education. 
Patients are instructed to recognize signs and 
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symptoms of infections in the skin or the urine 
and immediately notify their physician. In addi- 
tion they are counseled to notify other health care 
providers of their implant and they are educated 
that the AUS needs to be deactivated when a 
catheter must be inserted in their urethra. 


Complications 
Urethral Atrophy 


The most common cause for revision surgery fol- 
lowing AUS placement is urethral atrophy reported 
at 9.6 % [9]. This is defined as failure of the ure- 
thra below the cuff to completely coapt which can 
be visualized during cystoscopy, along with low 
Valsalva leak point pressures during urodynamics, 
loss of visibility of contrast in the cuff on X-ray (in 
circumstances where contrast is used), and ulti- 
mately confirmed by urethral thinning during sur- 
gical exploration. Various techniques are used to 
address this complication which are discussed in a 
later part of this chapter in more detail. 


Infection 


Despite all precautions taken, some patients will 
develop infections which can be abrupt or chronic 
and may require intravenous antibiotics or explan- 
tation of the device. In 1995 Martins and Boyd 
reported their experience with postoperative infec- 
tion-erosion patients by isolating a pleomorphic 
group of organisms, specifically enteric, Gram- 
positive, and anaerobic organisms by culture [10]. 
Although, most experts believe Staphylococcus 
epidermidis is the most common organism, 
Magera et al. showed that Staphylococcus aureus 
was the most common organism in their series 
[11]. Unlike other infections, infections involving 
AUS can occur without any fever, leukocytosis, 
fluctuance, or purulence. Patients with an AUS 
infection usually present with inflammation, ery- 
thema, edema, and pain in the perineum or the 
pump. Having a high index of suspicion will 
prompt the diagnosis and immediate treatment 
can be helpful in improving patient outcomes. 
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Usually new onset pain is a sign of AUS infection. 
In select patients social continence can be restored 
with reinsertion of the AUS following removal for 
infection or erosion [12]. Lai et al. reported their 
experience with 21 secondary reimplant cases fol- 
lowing explantation due to erosion or infection. 
The authors reported a fourfold increased risk of 
future cuff erosion when compared to virgin cases. 
However, overall good functional outcome with 
an acceptable continence rate was achieved in 
their reoperative series [13]. 


Device Failure 


Most experts would agree that the life of the AUS 
is usually between 10 and 15 years. However, vari- 
ous mechanical or functional defects can lead to 
AUS dysfunction. Leak in the device is one of the 
most common mechanical failures wherein patients 
complain of recurrent incontinence, a completely 
flat pump or the feeling of air in the system. In our 
experience the pressure control pump is the most 
common site to fail probably due to bending the 
pump to open the cuff over many years. The sili- 
cone-coated cuff, tubing, and the reservoir are less 
likely to be the source of fluid leak. The leak can be 
identified in the operating room by using an ohm- 
meter to identify the leaking component and revise 
the individual component as needed when the 
device is only several years old. 

Debris, air, or kinks in the tubing can also lead 
to malfunction. Patients may report that they 
need to use the pump more often to completely 
empty their bladder over many years with the 
AUS. Concurrent changes in bladder function 
with age must be taken into account as well. 
These issues can be minimized by meticulous 
primary surgical techniques and careful evalua- 
tion later on, however, revisions may be needed. 


Special Circumstances 


Artificial Urinary Sphincter in Children 

The functional results of implanting the artificial 
urinary sphincter in children are variable. Cattie 
et al. in 2008 reported their experience in 44 chil- 
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dren (age range 8.6—29.5 years) who had under- 
gone an AUS implantation for severe urinary 
incontinence secondary to neuropathic bladder 
dysfunction. They reported frequent complica- 
tions of urinary retention (24), urethral erosion 
(2), scrotal erosion (5), and mechanical dysfunc- 
tion (7). This led to 9 removals, 5 deactivations, 6 
revisions, and 5 total replacements [14]. In 
another study from Ruiz et al., presenting their 
14-year experience of AUS implantation in chil- 
dren and adolescents, they reported a 86.3 % sur- 
vival rate of the implant and a 26.3 % revision 
rate with overall continence of 87 % [15]. They 
noted more complications with extrophy patients 
who had multiple previous procedures on their 
bladder and bladder neck. 


Artificial Urinary Sphincter 

in Neurogenic Bladder, Spinal Cord 

Injury, and Neobladder 

In most pediatric and adolescent patients who 
have undergone AUS implantation, a neurogenic 
cause has been the primary reason for their stress 
urinary incontinence. The adult literature also 
supports implantation of AUS in selected 
patients who have appropriate bladder compli- 
ance and capacity with good outcomes and 
acceptable complications. Kastler in 2011 
reported their experience in a multicenter- 
retrospective study on 51 adult patients where 
31 % (16/51) had spina bifida and 69 % (35/51) 
had spinal cord injury with a 74 % continence 
rate after 10 years of follow-up [16]. Patients 
with severe stress urinary incontinence who 
have undergone cystoprostatectomy with a con- 
tinent ileal neobladder can regain continence by 
implanting an artificial urinary sphincter. 
O’Connor et al. reported their experience with 
five patients who showed a decrease in pad use 
from 6.2 to 0.6 per day making them completely 
continent or socially continent [17]. Westney 
et al. also reported their experience in nine post- 
cystectomy patients with a continent ileal neo- 
bladder where the average pad use decreased 
from 6 to 1 per day (p<0.005) with two explan- 
tations, suggesting the AUS can improve quality 
of life with comparable complication rates to 
other series in selected patients [18]. 


96 


Controversies 


Recurrent Urinary Incontinence 
(Urethral Atrophy) 


Recurrent incontinence can be due to multiple 
factors including device malfunction, erosion, 
detrusor over activity, and urethral atrophy. 
Recurrent incontinence secondary to urethral 
atrophy can be managed by downsizing or repo- 
sitioning the cuff, placement of an additional tan- 
dem cuff, or placement of a male sling [19-21]. 
Each approach, while effective in selected 
patients, can also have complications such as 
postoperative infection, erosion, or need for 
further procedures. 

Some degree of urethral atrophy is expected 
with AUS placement. Normally the pressure- 
regulating balloon chosen is the 61—70 cmH,0 for 
bulbar urethral cuffs, reserving the 71-80 cmH,O 
pressure balloons for bladder neck cuffs. In ure- 
thral atrophy patients, over time more fluid is 
needed in the cuff to maintain the desired inflation 
and coaptation. In general, the volume of urethral 
tissue under the cuff contributes to effective lumi- 
nal coaptation. Eventually, the pressure in the bal- 
loon would not be able to provide sufficient 
pressure to provide coaptation for continence and 
therefore recurrent incontinence occurs. The 
patient may notice that gradually more pumps are 
needed to deflate the cuff. The cuff placed at the 
bulbar urethra and the bladder neck is usually 
filled with 0.75 cc and 2 cc, respectively. In the 
setting of urethral atrophy there is usually more 
fluid in the cuff and the patient may need to pump 
more to deflate the cuff. 


Down-Sizing, Transcorporal Placement, 
or Repositioning the Urethral Cuff 
In 1995, Stone et al. reported a small series of 
patients with urethral atrophy treated by proxi- 
mally repositioned cuffs with an 83 % success 
rate [22]. The authors believed that this approach 
may have less risk of erosion. 

More recently in 2003, Stone et al. followed a 
slightly larger group of patients for 7 years after 
downsizing their bulbar urethral cuffs from a 4.5 to 
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4 cm using the existing space and pseudocapsule. 
Their patient satisfaction and continence scores 
improved suggesting this approach is an effective 
and safe method to manage urinary incontinence 
secondary to cuff-induced urethral atrophy [19]. 
Minimal dissection is needed during this approach 
and the other components of the device are not 
manipulated, thus decreasing the risk of infection 
and the time to reactivate the AUS. 

Some experts argue that during AUS revisions 
the urethra is vulnerable to injury and most com- 
monly the cuff is placed in a more distal location 
inadvertently requiring a much smaller size. 
Therefore, transcorporal placement of the cuff 
has become popular among some implanters with 
the belief that this will allow for more bulk 
around the urethra and more appropriate cuff siz- 
ing with less risk of erosion. In 2002, Webster 
et al. reported their experience in 31 patients, 
with a mean follow-up of 17 months, in patients 
who underwent AUS revision using a transcorpo- 
ral cuff showing that 84 % of the patients had 
occasional stress urinary incontinence [23]. This 
technique can only be an option in the patient 
with preexisting erectile dysfunction since entry 
of the corpora will damage tumescence. 


Insertion of a Tandem Cuff 
Originally, Brito et al. in 1993 described place- 
ment of tandem bulbar urethral cuffs in patients 
with severe urinary incontinence who still suf- 
fered from persistent leakage following AUS 
placement. They increased their continence rate 
from 85 to 95 % [9]. In another series with longer 
follow-up of 74.1 and 58.0 months for single and 
double cuff patients, respectively, O’Connor 
et al. reported no significant improvement with a 
double cuff placement. However, the patients 
with double cuff insertion had a higher complica- 
tion rate and required further interventions [9]. 
Placing a tandem cuff as a salvage procedure 
for recurrent stress urinary incontinence with 
longer follow-up (mean of 3.3 years) was 
reported by Elliott et al. in 2003. The authors 
reported improved continence and patient satis- 
faction in their series. Their reoperation rate due 
to leakage and erosion was 1 and 2 % in 18 
patients, respectively [24]. 
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Furthermore, in a selective group of patients 
with a high risk of infection and erosion, salvage 
transcorporal tandem cuff placement has been 
proposed. In 2007 Elliott et al. reported a small 
number of patients who had undergone tandem 
transcorporal cuff placement suggesting yet 
another effective alternative for approaching this 
complicated group of patients [20]. 


Male Sling after Urethral Atrophy 
Following Artificial Urinary Sphincter 
More recently several investigators have pro- 
posed the use of a non-bone-anchored transobtu- 
rator suburethral sling such as the AdVance Sling 
(American Medical Systems, Minnetonka, MN) 
to manage recurrent urinary incontinence sec- 
ondary to urethral cuff-induced atrophy. This 
approach may decrease entry to the capsule 
formed by the urethral cuff, therefore less risk of 
infection. In addition the downtime of AUS acti- 
vation after a second AUS cuff placement or a 
revision is eliminated with this technique. Non- 
bone-anchored transobturator male slings work 
by elevating the urethra rather than compression. 
Christine et al. have suggested that in selected 
patients in whom the external sphincter is still 
partially functional by external compression dur- 
ing cystoscopy may experience improvement in 
their recurrent incontinence with salvage 
AdVance Sling. Furthermore, in their small retro- 
spective report, the authors showed that in over 
50 % of their patients continence was obtained 
without reactivation of the AUS [21]. 


Artificial Urinary Sphincter Following 

a Failed Male Sling 

The literature does not have sufficient data 
regarding implantation of AUS following a failed 
non-bone-anchored transobturator male sling. 
Most likely this can be explained by the fact that 
these slings are recent to the field and a long-term 
follow-up is still pending. However, Fisher et al. 
reported their experience with 11 patients having 
failed a bone-anchored male sling who subse- 
quently underwent an artificial urinary sphincter 
placement. In their small series, with a mean fol- 
low-up of 14.2 months, they reported feasibility 
of this procedure with high patient satisfaction 
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and no intraoperative complications or urethral 
injuries. However, one AUS had to be explanted 
due to infection [25]. 


Nocturnal Deactivation 

There is some controversy among experts regard- 
ing nocturnal deactivation of the AUS which may 
provide a “rest period” and decrease the inci- 
dence of urethral atrophy. In 2001, Boone et al. 
reported a retrospective comparison, with a long 
term follow-up, comparing patients at Mayo 
Clinic who deactivate their AUS at night com- 
pared to Baylor patients who keep their AUS 
activated at all times except during voids. It 
appears that the risk of urethral atrophy and 
recurrent incontinence was less in nocturnal 
deactivation group (10 % vs. 21 %). Therefore, 
the authors suggest nocturnal deactivation for 
motivated patients who are dry at night and would 
like to decrease the risk of urethral atrophy [26]. 


External Bulking Agents 

In cases of severe urethral cuff atrophy, when the 
maximal circumference of the urethra is less than 
4 cm, some experts have tried using external bulk- 
ing agents. Lue et al. in 2005 reported their expe- 
rience with wrapping an external urethral bulking 
material (Surgisis ES, Cook Urological, Spencer, 
IN) in patients with a small urethra in order to 
enhance the diameter of the urethra prior to plac- 
ing a4 cm cuff. In their series of five patients they 
reported this technique to be feasible and well- 
tolerated with satisfactory results [27]. 


Radiation and AUS 


External Radiation Therapy 

Only a few studies pertaining to radiation in 
patients with postprostatectomy incontinence 
requiring an AUS focus on preoperative evalua- 
tion, complications, success, and other specific 
considerations. Radiation is known to affect the 
urethra, bladder, and the surrounding tissues 
making the area more susceptible to infection 
and erosion secondary to tissue hypo-vascularity 
[28]. In addition, the bladder exposed to radiation 
may become smaller in capacity and experience 
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more overactivity. Hemorrhagic cystitis, another 
potential complication following radiation ther- 
apy, can be a challenge for radiated patients who 
are being evaluated for AUS placement. In 1995, 
Boyd et al. reported their outcomes of AUS 
placement in patients undergoing major pelvic 
surgery with or without radiotherapy. Thirty four 
out of their eighty one patients had received radi- 
ation either in an adjuvant setting or as a primary 
treatment. They recommended waiting 12 weeks 
prior to activating the AUS and had acceptable 
overall results [28]. In another small series a 
social continence rate of 87 % with an overall 
complication rate of 25 %, and erosion/infection 
rate of 12.5 % was reported [29]. In one review, 
with a mean follow-up of 31 and 36 months in 
two groups of postprostatectomy patients who 
did not and did receive radiation, respectively, 
Boone et al. reviewed their results of continence, 
urodynamic testing, complication rate, overall 
satisfaction, and quality of life. Their radiation 
group included patients who had external beam 
radiation as their primary treatment with or with- 
out salvage prostatectomy, or radiation given in 
an adjuvant setting. They reported similar conti- 
nence rates, urgency with or without urge incon- 
tinence, and satisfaction rates in both patient 
groups. They also report that their rate of infec- 
tion, erosion (14 %), and reoperations were simi- 
lar in these two groups [30]. Based on their 
findings, the authors recommend that no special 
precautions or consideration is necessary in 
patients who have received radiation compared to 
the patients who have not. These reasonable 
results with AUS placement in patients with prior 
radiation history may argue that the bulbar ure- 
thra is outside of the radiated field. In addition, 
current external beam radiation is much more 
precise and with a smaller treatment target, the 
affected field is much more limited. 

In our experience, and by consulting the litera- 
ture, AUS implantation following radiation ther- 
apy alone is rare. Most data available and 
experiences mentioned above apply to patients 
with adjuvant or salvage radiation therapy. Our 
unpublished experience shows radiotherapy after 
implantation to be well tolerated in the setting of 
biochemical recurrent disease. 
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Another topic of concern and discussion is the 
functional bladder change that occurs in patients 
who have undergone radiation. Prior radiation 
may promote bladder fibrosis and instability. In 
the study reported by Hadley et al., radiated 
patients had more bladder instability, smaller 
bladder capacity (less than 300 ml), low compli- 
ance (less than 20 ml/cm water), and early blad- 
der sensation (at a volume less than 85 ml) but 
the difference was statistically significant only 
for bladder instability (p <0.05) [29]. 


Minimally Invasive Therapy for 

Localized Prostate Cancer Treatment 
Traditionally, the treatment choices for prostate 
cancer had been prostatectomy or radiation 
therapy. Recent sophisticated technology has 
introduced alternative methods in managing 
localized prostate cancer. These include proton 
beam therapy, cryoablation of the prostate, 
brachytherapy, and high-intensity focused ultra- 
sound (HIFU). Although some promising results 
have been suggested by these techniques with a 
short-term follow-up, their complication rates, 
including urinary incontinence of 4—40 % is vari- 
able and concerning [31]. 

Data regarding artificial urinary sphincter 
implantation following these techniques is very 
limited in the literature. Benoit et al. reported 
placement of AUS in 4 men out of 2,124 men in 
Medicare population that had undergone brachy- 
therapy [32]. Instrumentation across the AUS for 
recurrent prostate obstruction or chronic slough- 
ing of necrotic tissue can be very difficult. 


Recurrent Bladder Neck Contracture 
and AUS 


Obstruction of the outlet in postprostatectomy or 
cystectomy patients due to bladder neck contrac- 
ture can be managed by transurethral electrocau- 
tery resection, laser ablation, or direct visual 
internal urethrotomy. If the patient responds to 
this management and establishes an open bladder 
neck, a subsequent artificial urinary sphincter can 
be inserted. However, in many cases the bladder 
neck contracture is recurrent and does not respond 
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to endoscopic management and the insertion of a 
urethral wall stent becomes an option. Use of a 
urethral stent is reserved for very selected cases. 
Elliott et al. also reported their experience with 
successful placement of AUS following 
Urolume™ placement with minimal morbidity 
and 89 % patient satisfaction after 17.5 months of 
follow-up [33]. Magera et al. report a median of 
three failed endoscopic management of recurrent 
bladder neck contracture in their series. They 
were able to stabilize the bladder neck in 13 out of 
25 patients with one stent and in 6 out of 25 
patients with 2—4 stents. Urinary continence was 
then achieved by placement of artificial urinary 
sphincter with satisfactory results [34]. Lai et al. 
also showed that a staged UroLume™ stent with 
delayed artificial urinary sphincter implantation 
provided good continence control in 8 out of 11 
patients with recurrent bladder neck contractures 
[35]. In conclusion the authors believe that in 
highly selected patients the bladder neck contrac- 
ture can be stabilized with UroLume™ stent fol- 
lowed by implantation of artificial urinary 
sphincter. Early studies using Mitomycin C as an 
adjuvant to internal urethrotomy may provide 
another tool in managing the recurrent bladder 
neck contracture prior to AUS placement [36]. 


Conclusion 


Since the first implantation of the artificial uri- 
nary sphincter in 1973, thousands of men, 
women, and children have regained urinary con- 
tinence, thanks to Dr. Brantley Scott. With 
long-term data now available, the AUS has 
become widely used with satisfactory outcomes. 
Multiple large series have confirmed the AUS to 
be a durable treatment for sphincter deficiency 
patients even in patients with neurogenic bladder, 
radiation treatment, bladder neck contracture, 
failed slings or injectables, mixed urinary incon- 
tinence, or low detrusor pressures [35, 37]. More 
experience is needed to evaluate the AUS in men 
with incontinence following minimally invasive 
treatment of prostate cancer with more contem- 
porary technologies such as brachytherapy, pro- 
ton therapy, or HIFU. 
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Complications of Male 
Incontinence Procedures: 
Diagnosis, Evaluation, 
and Management 


Andrew C. Peterson 


Urinary incontinence (UD, the complaint of any 
involuntary leakage of urine [1], may be the 
result of congenital anomalies, injury, genitouri- 
nary surgery, and other conditions. The most 
common etiology of UI in men is radical prosta- 
tectomy (RP), with the primary mechanism being 
failure to store urine secondary to inadequate 
function of the outlet-sphincter. Despite improve- 
ments in surgical technique that have reduced the 
rate of post-prostatectomy UI, the burden of dis- 
ease in the United States remains high and is 
expected to rise because of increasing numbers of 
RP performed annually [2]. 

UI significantly compromises heath-related 
quality of life in men [3] and can be improved by 
surgical treatment using bulbar urethral slings, 
and the artificial urinary sphincter (AUS). 
Although bulking agents have been used in the 
past as a first-line treatment for male UI, the 
severity of incontinence and postsurgical scar- 
ring in the vesicourethral region after prostatec- 
tomy have made surgical correction the first-line 
treatment for the majority of cases. 

The AUS is one of the best available treat- 
ments for UI in males. It has proven long-term 
durability and effectiveness across the spectrum 
of moderate and severe degrees of urinary loss. 
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Despite this, several other treatments such as the 
urethral slings, including the transobturator bulbar 
sling and the perineal bone-anchored sling have 
emerged as viable treatment options for the male 
with UI. Herein, we discuss the possible compli- 
cations that these treatments may pose and their 
evaluation and management in men with UI after 
surgical treatment. 


Evaluation and Diagnosis 
of Problems After Initial Surgical 
Treatments for Male UI 


Because of the wide range of possible complica- 
tions from these types of surgical interventions 
for UI (the various types of the male sling and the 
AUS) patients may present after surgery with a 
wide range of problems including difficulty with 
urination, pain, hematuria, infection, erosion, and 
damage to other structures such as the rectum, 
ureters, and bladder. Therefore, the evaluation of 
all men with problems after initial surgery for UI 
requires a detailed history, physical examination, 
and urinalysis. Many cases will also require 
cystoscopy and pressure flow urodynamics. 

For those presenting with continued loss of 
urine after surgical intervention, it is imperative to 
clearly differentiate between stress and urge incon- 
tinence. For this, the 72-h voiding diary and the 
24-h pad test are inexpensive, simple tools that are 
invaluable in the assessment prior to proceeding 
with any invasive testing [4]. The voiding diary 
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reliably and objectively assesses the complaint and 
may uncover significant urgency and urge inconti- 
nence that may not be related to the incontinence 
surgery [5]. Self-reported daily pad usage varies 
considerably with only moderate concordance with 
urinary incontinence volume [6]. Thus the 24-h 
pad weight test, which objectively measures the 
volume of the incontinence, may be helpful in 
comparing the patient’s preoperative urine loss 
volume to the postoperative urine loss thereby 
aiding in the direction of appropriate therapy. 


Laboratory 


Urine analysis and culture when the UA is sug- 
gestial of infection are required prior to the initial 
surgical correction of male UI as well as prior to 
any revision surgeries. They are also extremely 
important when evaluating any patient with any 
problem after surgery. The presence of blood, 
white blood cells, and any evidence of infection 
may indicate erosion of mesh or material such as 
the urethral cuff into the urethra. 


Cystoscopy 


Because unrecognized urethral pathology can 
significantly complicate all of the surgical options 
for UI, endoscopic evaluation is recommended 
prior to any intervention for problems after initial 
surgical management of urinary incontinence 
[7-9]. Furthermore, in patients with recurrent 
incontinence after AUS implantation, cystoscopy 
may aid in differentiating mechanical failure from 
other causes such as urethral atrophy. Finally, 
when an AUS or sling [10] has been removed due 
to infection or erosion, repeat evaluation of the 
urethra prior to reimplantation is essential to rule 
out urethral stricture, diverticulum, fistula, and 
other urethral complications that may hinder 
replacement of a new cuff at a later time. 


Urodynamics 


Although a careful history and voiding diary may 
be sufficient to confirm the adequacy of bladder 
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function in patients with problems after initial 
management of UI, formal pressure flow urody- 
namics may permit an accurate assessment of the 
bladder function and incontinence type and 
severity. Detrusor overactivity, while not a con- 
traindication to surgery for UI if discovered ini- 
tially, requires realistic counseling regarding the 
likelihood of persistence or exacerbation after 
treatment of incontinence. Likewise, reduced 
bladder compliance presents a more serious con- 
cern, because prolonged storage at high pressures 
may lead to deteriorating renal function and con- 
tinued leakage. Therefore, urodynamics may be 
indicated in patients with continued or recurrent 
incontinence after appropriate initial surgical 
management. 


Artificial Urinary Sphincter 


The AUS is still one of the most well-established 
devices for the treatment of male UI. The AUS 
(AMS 800) is a complex mechanical device con- 
sisting of a fluid-filled cuff placed around the 
bladder neck or bulbar urethra, a control pump 
placed in the scrotum or labia in the female, and 
a pressure-regulating balloon (PRB) placed in a 
preperitoneal location. The tubing is connected 
by quick connect devices supplied from the com- 
pany. Fluid transfer from the cuff to the PRB is 
accomplished by active “pumping” while refill- 
ing occurs passively by a pressure gradient from 
the reservoir that traverses a resistor implanted in 
the pump. Therefore, one can see that there are 
many aspects to the device that may lead to mal- 
function, failure, erosion, and infection. 

Long-term durability of the AUS is well estab- 
lished, although this device still has a revision rate 
of 16 and 28 % at 2 and 5 years, respectively [11]. 
In addition, these mechanical devices will all ulti- 
mately fail and need revision approximately 7—10 
years after placement with 72 % of the original 
sphincters functioning in place at a mean follow-up 
of 69 months [12]. 


Artificial Urinary Sphincter Cuff 

The AUS cuff is most commonly placed around 
the bulbar urethra via a perineal incision, although 
a transscrotal approach has been popularized by 
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Wilson and associates [13] (see below). The aim 
is to place the cuff as proximal on the bulbar 
urethra as possible. This is the area with the larg- 
est diameter of corpus spongiosum and provides 
protection of the cuff from activation while sit- 
ting because it is protected by the split corporal 
bodies. When circumferentially mobilizing the 
urethra at the cuff location, blunt spreading dis- 
section is discouraged in this area because it risks 
injury to the urethra, especially in reoperative 
cases. Rarely, when an injury is made to the ure- 
thra during this dissection, it can be closed with 
interrupted fine absorbable suture and a new site 
more distally can be chosen without needing to 
abort the case. However, in complicated or severe 
cases of injury (lacerations greater than 1 cm) 
we find it is the better part of valor to abort the 
case relegating the patient to catheter drainage 
for 2-3 weeks with a re-attempt at placement 
after complete healing. 

The circumference of the urethra is measured 
around the corpus spongiosum to guide selection 
of cuff size, some authors advocate selecting a 
cuff size 0.5-1 cm smaller than the measured 
circumference of the urethra in order to compen- 
sate for compression of the spongiosum. If a cuff 
is selected and placed around the urethra but is 
obviously incorrect (too large or too small), the best 
option is to discard that cuff and replace with the 
appropriate size. 


Pressure-Regulating Balloon 
The placement of the pressure-regulating balloon 
(PRB) may be achieved through a scrotal, peri- 
neal, or abdominal incision, depending on prior 
surgical incisions, body habitus, and surgeon 
preference. The PRB is filled with 20-23 mL of 
sterile normal saline or contrast material, unless a 
bladder neck cuff is used, which requires addi- 
tional fluid volume. In order to provide an iso- 
tonic solution, contrast solutions should always 
be diluted with sterile water. Failure to fill the 
device with isotonic solution may result in fluid 
leach from the system and therefore malfunction. 
It is important to note that precise placement 
of the PRB behind the abdominal wall in the 


preperitoneal space is paramount to its correct 
functioning. In morbidly obese patients when the 
PRB is placed in the subcutaneous fat, we have 
found that it does not transmit adequate rises in 
intra-abdominal pressures to the cuff therefore 
contributing to significant urinary leakage with 
stress. In these cases, the PRB should be moved 
to a preperitoneal space with a revision opera- 
tion. We prefer to use a second incision in the 
right lower quadrant to place the balloon in all 
cases as we found that placement through the 
inguinal canal may predispose it to herniation 
and malfunction requiring a revision surgery in 
the future. 


Control Pump 

The pump assembly is placed into the anterior 
scrotum from the inguinal, scrotal, or perineal 
incision. Care must be taken to avoid leaving 
excessive tubing in the scrotum as this may result 
in malpositioning of the pump making it difficult 
to manipulate. 

Connections are typically made in the abdom- 
inal incision. This allows exploration at a later 
date if needed for revision by placing all the con- 
nections in one easily accessible spot. The quick 
connectors supplied by the manufacturer provide 
secure, connections for newly implanted devices. 
In these cases when the entire device is not being 
replaced, it is recommended to use the hand-tied 
connectors that are provided by the company in 
the accessory kit utilizing, securing the connec- 
tions with 3-0 Prolene suture. 


Tandem Cuff AUS 


Despite improvements in AMS 800 design and 
implantation techniques, as many as 11 % of 
patients may have significant incontinence after 
single-cuff AUS placement [14]. In cases of per- 
sistent UI from incomplete urethral occlusion 
despite the use of the smallest cuff (3.5 cm), 
the addition of a second cuff around the bulbar 
urethra can yield satisfactory continence [15-17]. 
However, the indiscriminate use of the tandem 
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cuff approach as first-line surgical treatment is to 
be discouraged because of higher rates of erosion 
associated with the distal cuff [18]. 

Placement of the second cuff is performed via 
the perineal incision. After circumferential dissec- 
tion around the bulbar urethra, at least 1.5-2 cm 
distal to the primary cuff, a new cuff is placed. 
Connection to the existing device requires division 
of the existing cuff tubing and use of a Y-connector, 
securing it with either the quick connector clamps 
provided by the company or a hand-tied connection 
with 3-0 Prolene suture as indicated. When adding 
a new cuff to an existing system, as described 
above an additional 3 mL of fluid should be added 
to the system to fill the second cuff without depleting 
the fluid in the PRB. Doing so may significantly 
change the pressure that is generated by the PRB 
and placed on the urethral cuff. 


Transcorporal AUS Cuff 


The transcorporal placement of the AUS provides 
another option when dealing with difficult initial 
or revision surgery [19]. Rather than dissecting 
between the corpus spongiosum and the ventral 
cavernosa, parallel longitudinal incisions in the 
tunica albuginea of the corpora cavernosa allow 
the plane of dissection to pass through the septum 
of the corpora from one side to the other. This 
technique leaves the ventral tunica albuginea 
attached to the dorsum of the spongiosum. The 
lateral edges of the tunica albuginea are then 
closed dorsal to the cuff to help with postopera- 
tive bleeding. Advantages of the transcorporal 
approach include reduced risk of urethral injury 
during reoperation after prior erosion or urethra 
injury; better cuff fit because of the increased 
bulk of the urethra; and potential reduction in 
erosion risk. The technique is particularly useful 
when proximal cuff atrophy occurs in cases 
where the smallest cuff has been already used. 
Transcorporal placement 2-3 cm distally, leaving 
an intervening segment of normal urethra, may 
yield AUS continence results similar to those in 
non-revision placement surgeries. Webster and 
associates reported a cure and improvement rate of 
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84 % without intraoperative urethral injuries or 
postoperative urethral erosions at a mean follow- 
up of 17 months [19]. 


Transscrotal AUS 


Wilson described this technique in which all 
components of the AUS are placed through a 
transverse scrotal incision. Originally developed 
for reoperative surgery due to urethral atrophy, it 
allowed placement of a more distal cuff in tandem 
or with the transcorporal technique. Although the 
initial report was favorable in terms of continence 
outcomes, several later reports suggest that the 
transscrotal technique yields inferior continence 
results [20, 21]. One possible explanation is that 
it does not allow equivalent placement of the cuff 
around the proximal, larger diameter bulbar 
urethra when compared to the perineal approach. 
Because of this, we prefer to use the perineal 
approach in all cases to decrease the possible risk 
of intermittent unintended activations of the device 
due to the distally located cuff. 


Complications of the AUS 
Urinary Retention 


We do not routinely leave catheters in after place- 
ment of an AUS, leaving the device deactivated 
and the patient simply incontinent. If the patient 
develops urinary retention in the immediate post- 
operative period, this should be managed by 
transurethral bladder drainage with a small (10 or 
12 Fr) catheter for 24-48 h. Cuff deactivation 
must be confirmed before catheterization. If the 
patient fails a voiding trial at 48-72 h, suprapubic 
drainage is recommended to reduce the risk of 
urethral erosion. It is important to limit the time 
an indwelling urethral catheter is left in place 
because even very small ones may result in erosion 
of the cuff secondary to abrasion from the sawing 
motion of the catheter along with compression. 
Therefore, one must be extremely cautious in 
patients with an AUS and catheter in place and 
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not be falsely assured that erosion will not hap- 
pen simply because the catheter is small. When 
placing a suprapubic tube, ultrasound or fluoro- 
scopic guidance is recommended to prevent 
puncture or potential contamination of the PRB 
and tubing that may lie in the area. 

Very rarely, retention that lasts several weeks 
implies under sizing of the cuff; in such cases 
reoperation and cuff replacement may be required. 
Correlation with preoperative urodynamic find- 
ings is advised to establish preoperative function 
of the bladder, another reason that preoperative 
urodynamics evaluation in all patients undergoing 
surgical treatment for UI is important. Late-onset 
urinary retention that occurs more than 2—4 weeks 
after surgery mandates endoscopic and urody- 
namic evaluation to rule out proximal urethral 
obstruction, erosion, or detrusor failure. 


AUS Infection 


Device infection remains a serious and possibly 
devastating complication of any implant surgery. 
The rate of infection with initial AUS surgery is 
1-3 % [14, 22-24] but may be as high as 10 % in 
reoperative cases and when placed into those 
who have had pelvic radiation and multiple reop- 
erations [25]. Skin pathogens are the most com- 
monly cultured organism, usually Staphylococcus 
epidermidis and S. aureus [26]. The introduction 
of InhibiZone®, a coating consisting of rifampin 
and minocycline hydrochloride, has led to a 
reduction in the infection rates in implant surgery 
[27]. Late infections (>4 months) may represent 
indolent organisms introduced at the time of 
operation or by hematogenous spread. 

The first initial presentation of an early post- 
operative AUS infection is usually scrotal pain at 
the pump, although erythema, edema, and frank 
purulence will commonly accompany this symp- 
tom (Fig. 9.1). Often, these infections may be 
smoldering and take time to declare themselves. 
These cases often are seen as chronic pain after 
AUS implantation often without overt evidence 
of infection such as induration, swelling, and 
fever. In these cases we will place the patient on 
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Fig. 9.1 Erythema, edema, and frank purulence will 
commonly accompany scrotal pain on early postoperative 
AUS infection 


antibiotics that cover gram-positive organisms 
(oral cephalexin) in addition to an antibiotic that 
has good penetration of the biofilm layer 
(rifampin) [28]. Because implant infections are 
most often not amenable to antibiotic therapy, 
AUS infection will almost always require explan- 
tation. Traditional management includes device 
removal followed by a waiting period of several 
months with delayed reimplantation. 

Immediate salvage of the infected non-eroded 
AUS may be accomplished with complete device 
removal, antiseptic irrigation, and immediate 
reimplantation [18, 29, 30]. This procedure 
includes an irrigation regimen used in penile 
prosthesis salvage protocols [30, 31]. Mulcahy 
and associates used this approach to salvage 7 of 
8 patients with infected non-eroded AUS in a 
total of 9 operations [30]. In all cases the entire 
AUS was removed and the wounds were copi- 
ously irrigated according to a seven-solution pro- 
tocol just prior to but during the same operation 
in that a new system is implanted. This procedure 
consists of irrigating sequentially with bacitracin 
and gentamicin in 0.9 % normal saline, half 
strength hydrogen peroxide, half strength 
povidine-iodine, pressure irrigation with | g van- 
comycin and 80 mg gentamicin in 5 L of normal 
saline, half strength povidine-iodine, half strength 
hydrogen peroxide, bacitracin and gentamicin in 
0.9 % normal saline. They also recommend a 
stepwise approach to the procedure first removing 
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Fig.9.2 (a) Eroded closed AUS. (b) Eroded open AUS 


all prosthetic parts and foreign material, irrigating 
with the seven antiseptic solutions as listed 
above, changing gowns, gloves, surgical drapes 
and instruments, inserting the new prosthesis, 
then closing the wounds with no drains or cathe- 
ters and treating with oral antibiotics for 1 month. 
Contraindications to prosthesis salvage include 
sepsis, ketoacidosis, necrotizing infection, immu- 
nosuppression, and the finding of gross purulent 
material at the time of explantation. 


Urethral Erosion 


Urethral erosion is reported in up to 5 % of AUS 
implantations [14, 22-24, 32]. In an analysis of 
their 13-year experience in patients with urethral 
erosions, Webster and associates determined that 
patients with hypertension, coronary artery 
disease, prior radiation therapy, and prior AUS 
revisions were more than twice as likely to suffer 
secondary urethral erosions [33]. Furlow intro- 
duced the concept of postoperative deactivation 
during the healing process to decrease pressure- 
induced ischemia and necrosis [34]. While 
Motley and Barrett did see a decrease in second- 
ary urethral erosion from 18 to 1.3 % with this 
technique [35] we have not found this procedure 
particularly useful in our practice. 


Cystoscopy is the diagnostic procedure of 
choice in evaluating men with suspected AUS 
erosion. It is indicated in any cases of recurrent 
urinary tract infections, hematuria, new onset uri- 
nary retention, pain with voiding, pain at the 
AUS pump, and sometimes in cases of prolonged 
catheterization. Erosion may be subtle with little 
external manifestations when the AUS has not 
yet become infected so sometimes one must have 
a very high index of suspicion whenever there is 
the possibility of AUS problems. Careful and 
systematic cystourethroscopy must be performed 
as some erosions can be very subtle. We perform 
urethroscopy up to the closed AUS cuff and cycle 
the cuff under direct vision with full flow of the 
irrigation in order to aid in the complete evalua- 
tion of the site (Fig. 9.2). 

Immediate removal of all the components of 
the AUS is imperative in cases of erosion, because 
they are assumed to be infected. There is cur- 
rently a debate on how to appropriately manage 
the urethra in cases of eroded sphincter cuff. 
Some authors advocate a formal primary anasto- 
motic urethroplasty if the tissues are amenable. 
There is some evidence that simple catheter 
placement, time, and/or suprapubic cystostomy 
allows healing without subsequent significant 
stricture formation [18, 36]. Because these 
erosions are often large and complex (Fig. 9.3), 
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Fig.9.3 For large and complex erosions, a Foley catheter 
is left in for 3 weeks with removal after a pericatheter ure- 
throgram shows no extravasation of contrast 


we prefer to primarily close the capsule with 
interrupted fine absorbable suture, leaving a 
Foley catheter in for 3 weeks with removal after a 
pericatheter urethrogram shows no extravasation 
of contrast. Perineal wounds are considered 
infected and loosely approximated or allowed to 
close by secondary intention. Reimplantation is 
considered only after urethral healing is confirmed 
by urethrography and a delay of 3—6 months is 
observed. 

In preparation for reimplantation, urethral 
patency is confirmed by cystoscopy or retrograde 
urethrogram (Fig. 9.4) [31, 35, 37]. A new cuff 
should be placed in a new location either proxi- 
mal or distal to the previous site because scarring 
as well as a compromised vascular supply makes 
replacement of the cuff at the erosion site diffi- 
cult and risky [35]. Frank et al. [37] reported a 
successful outcome in 87 % of reimplantation 
after erosion or infection, with recurrent urethral 
erosion in 8.7 %. More recently, in a series of 46 
patients with prior AUS erosion who underwent 
reimplantation, 35 % suffered another erosion 
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Fig. 9.4 Retrograde urethrogram confirms 
patency in preparation for reimplantation 


within an average of 6.7 months [33]. Use of the 
transcorporal approach in such cases may reduce 
the risk of urethral injury during the secondary 
surgery as well as potentially provide greater 
protection against subsequent erosion [19, 38]. 


Urethral Atrophy 


Urethral atrophy results from the chronic com- 
pression of the spongy tissue under the occlusive 
cuff. This is the most common reason for revision 
of the AUS [39]. The evaluation for this must 
include a combination of the voiding diary, pad 
test, radiographic evaluation of the cuff in the 
closed and cycled state and cystourethroscopy to 
rule out erosion and cuff malfunction. Treatment 
options include cuff downsizing, movement of the 
cuff to a more proximal or distal location where 
the urethra may be thicker, or placement of a sec- 
ond cuff in tandem. In our practice, the simple 
replacement of the PRB with a higher-pressure 
reservoir to overcome urethral atrophy is no longer 
recommended due to risk of erosion [39]. 

Our approach is to downsize the cuff in the 
same location when possible. If the existing cuff 
is already 3.5 cm, we place the cuff more proxi- 
mally, when feasible, or distally using the trans- 
corporal technique if necessary. Because there 
are a finite number of locations for the artificial 
sphincter cuff we attempt to use the same location 


108 


whenever possible for downsizing. We advance 
to the smallest size cuff available (3.5 cm) prior 
to moving to new location or considering the use 
of a tandem system. Once a single site has been 
used and abandoned it is no longer safe to replace 
a cuff at a later time in that same spot. 

Saffarian et al. reported a significant improve- 
ment in daily pad usage from 3.9 to 0.5 in 17 
patients with urethral atrophy [40]. In a large 
series of secondary AUS surgery, the cuff was 
replaced in 142 cases of which 33 % of cuffs 
were placed distal to the original location, 11 % 
were placed proximal and 52 % were placed at 
the original cuff location [39]. The cuffs were 
downsized in 56 % of cases, unchanged in 30 % 
and upsized in 13 %, reflecting the new locations. 
In cases of urethral atrophy, several prominent 
centers have successfully added a second cuff in 
tandem to salvage continence [15, 16]. 


Mechanical Failure 


The rate of mechanical failure has diminished 
substantially after introduction of the narrow- 
backed cuff. Because of the inherent design of 
the device, when they fail they do so in the open 
position resulting in recurrent incontinence and 
rarely urinary retention. Elliott and Barrett [12] 
reviewed the long-term durability of the AMS 
800 in 323 patients that were implanted at the 
Mayo clinic between 1983 and 1994. The change 
in design resulted in a decrease in nonmechanical 
failure from 17 to 9 %. This was thought to be 
primarily due to a reduction in urethral atrophy. 
A decrease in mechanical failure from 21 to 
7.6 % was primarily thought to be due to a reduc- 
tion in cuff leak along with improvements in the 
synthetic material, which lessened the risk of 
fracture or kinking of the device. In the absence of 
infection or erosion, replacement of an isolated 
malfunctioning component of the AUS (pump, 
cuff, balloon) may be feasible if the revision 
occurs within 3 years of implantation. However, 
a slow leak from the PRB may be difficult to 
diagnose intraoperatively, and if in doubt total 
device replacement is always recommended. 
When older than 3 years the entire device should 
be replaced completely. 
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Troubleshooting the device in the operating 
room can be challenging because leaks may often 
be small and invisible to the naked eye! We have 
found that in cases where the entire device is not 
planned to be replaced, the use of an ohmmeter as 
described by Webster is extremely useful [41]. 
While described over 20 years ago this technique 
still proves exceedingly useful especially in cases 
where the device is less than 3 years old and only 
the damaged component needs to be replaced in 
order to minimize morbidity, contain costs, and 
improve patients’ return of functionality. To utilize 
this technique, the abdominal wound is opened and 
all connections are exposed. Both sides of each 
connection are clamped with a rubber shod clamp 
and the connectors are removed. Sequentially, each 
component is tested individually. We prefer to start 
with the pump placing one end of the ohmmeter 
sensor inside of the tubing leading to the pump 
so it’s in contact with the fluid inside the system. 
If there is a break in the system, touching the 
second, grounding probe to the patient’s body 
will elicit a circuit. Any reading on the ohmmeter 
indicates a leak is present in the system. Each 
component is sequentially tested in the same 
manner. One must understand that if a device has 
leaked all of its fluid that the component may 
need to be filled with saline in order to produce a 
circuit. 


Special Circumstances 


The management of urethral and vesicourethral 
anastomotic stricture encountered after AUS 
implantation proposes a unique challenge. 
Stricture at the site of the AUS cuff may result 
from compression or ischemia and may indicate 
impending urethral erosion. These may be man- 
aged with periodic filiform and follower dilation 
[42]. However, strictures proximal to an AUS 
may need to be addressed with balloon dilation 
[43] or holmium laser incision through a flexible 
ureteroscope [44]. 

In the event significant endoscopic manipulation 
is required, such as transurethral resection proxi- 
mal to the cuff site; our practice is to surgically 
uncouple the cuff for the duration of the endo- 
scopic procedure. In this procedure an incision is 
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Fig. 9.5 Rarely, a component of the device, such as a 
pump, may erode through the skin, exposing itself 


made over the perineal wound and the urethral 
cuff is identified and dissected free. After copi- 
ous irrigation, it is uncoupled allowing unhin- 
dered endoscopic access to the urethral pathology 
proximal to the AUS cuff. During the transure- 
thral portion of the procedure, the perineal wound 
is packed with an antibiotic-soaked gauze sponge. 
At the termination procedure, the cuff is reat- 
tached ensuring that it is securely fashioned and 
left deactivated as required. Because of the need 
to manipulate the device, we prefer to give preop- 
erative antibiotics consisting of vancomycin and 
gentamycin in these cases. 


Component Extrusion 

Rarely, a component of the device may erode 
through the skin, exposing itself. These events 
are usually associated with a preexisting infec- 
tion, leading to skin edema and inflammation. 
Rarely, eroded components may appear relatively 
benign (Fig. 9.5). In all cases, we recommend 
immediate removal of all components of the 
device. Because of the tubing that connects the 
system as one, it is assumed that once one part of 
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the device is exposed and infected, the entire system 
is at risk. 


Male Slings for Incontinence 


Male sling procedures represent a significant 
addition to the surgical armamentarium for UI by 
providing an alternative to the AUS [45]. These 
two procedures; the bone-anchored sling and 
transobturator sling may be considered in cases 
with mild incontinence [36]. 


Bone Anchor Bulbourethral Sling 


The bone-anchored sling is performed through a 
single perineal incision that results in short oper- 
ative times and low erosion rates [46, 47]. 
Titanium screws provide fixation of the sling to 
the inferior pubic ramus. A 4 by 7-cm piece of 
mesh or organic material is secured to the bone- 
anchored sutures and then tied down. Sling ten- 
sion is increased until a retrograde leak pressure 
of 60 cmH,O is achieved by checking backflow 
pressures. While the results of this technique 
have been generally positive, long-term follow- 
up has revealed that this procedure is not without 
problems. 


Transobturator Bulbourethral Sling 


The transobturator sling has been shown to be 
effective in short-term follow-up of multiple 
well-preformed series [48]. In selected popula- 
tions approximately 75 % of patients are cured or 
significantly improved, with results durable up to 
a year. Bulbar urethral slings can be used as an 
alternative in those that refuse the AUS from fear 
of infection, erosion, or mechanical failure as 
well as those with limited physical or cognitive 
capacity [49]. The trade-off between risk and 
efficacy must be considered, with most authors 
recommending the AUS for more severe UI but 
for mild UI the bulbar sling procedure is a viable 
alternative. 

In contrast to the bone-anchored approach, the 
transobturator sling is designed to reposition and 
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lengthen the membranous urethra [48]. After 
exposing the corpus spongiosum in a manner 
identical to the AUS described above, the space 
between the corpus spongiosum and corpora 
cavernosa is developed on each side. Using the 
provided trocars, the sling is brought through 
the obturator foramen as close as possible to the 
superior aspect of the triangle formed by the 
corpus spongiosum and the pubic ramus. With 
tensioning, the proximal bulbar urethra should 
move approximately 3—4 cm cephalad [48]. The 
tail ends of the sling are trimmed and buried 
under the skin. 


Sling Complications 


With the two types of slings now available (the 
transobturator bulbar urethral sling and the bone- 
anchored sling) the complication profile for these 
slings has become slightly more clear. The infec- 
tion/erosion rate for both types of slings ranges 
from 2 to 15 % and the need for revision have 
been previously reported to range 2-4.2 %. While 
effective as discussed above, both slings have 
slightly different problems associated with them. 


Complications of the 
Bone-Anchored Sling 


The most common complications of the bone- 
anchored male slings include perineal pain, uri- 
nary retention, infection, anchoring complications 
from bone anchors, and mesh erosion. Styn et al. 
reported their experience with 119 men who 
underwent 140 bone-anchored sling for the treat- 
ment of male stress incontinence [50]. In this 
series, the overall complication rate was 58.8 and 
26.9 % required reoperation. While the authors 
did not report any significant intraoperative com- 
plications, they do note that recurrent stress 
incontinence may be as high as 25.2 %, and up to 
17.6 % will develop new urge incontinence. 
Wound infections (16 %) were the most com- 
monly reported immediate postoperative compli- 
cations. Many patients in this study required 
reoperation for various reasons including dis- 
lodgment of bone screws (5.9 %), revision for 
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recurrent stress incontinence (5 %), and the need 
to place bulking agents for recurrent stress incon- 
tinence (5.9 %). 

Perineal pain is reported in up to 74 % of 
patients [51] after bone-anchored slings with the 
majority of cases resolving within 3 months [52]. 
Chronic perineal and scrotal pain has been a sig- 
nificant concern of this type of sling reported in 
2-5 % of patients. Conservative management of 
the pain consists of aggressive use of anti- 
inflammatories, narcotic pain medications, rest, 
and time. Some patients may require use of trans- 
dermal lidocaine patches and others have had 
success with steroid and local anesthetic injec- 
tion therapy. Should the pain last for prolonged 
periods, greater than 90 days we recommend 
cross-sectional imaging to rule out infection or 
phlegmon. Some cases may require surgical 
exploration and explantation of the mesh for 
treatment of this problem. 

The bone screws used with this system offer 
their own specific set of problems. As discussed 
prior, up to 5.9 % of patients will need reopera- 
tion because of problems associated with the 
screws. Dislodgment, bone infection, and pain 
have all been reported with this type of anchoring 
system. While these tend to be reported sporadi- 
cally, this has been a significant issue. Most often 
these may result in recurrent incontinence [53] 
and osteitis pubis. Patients should be counseled 
that when considering the bone-anchored sling 
that bone infection (osteitis pubis) may require 
removal of the entire sling along with the involved 
bone. Cultures of the infected bone should be sent 
as some patients will require long-term intrave- 
nous antibiotics after removal of the hardware. 

Wound infections have been reported to occur 
in 7.9-16 % of cases. These may range from 
superficial inflammatory conditions to severe deep 
wound infections needing sling explantation with 
extensive debridement and wound care. If not 
treated rapidly, these may lead to erosion into the 
urethra with significant urethral damage. 

Acute urinary retention after surgery occurs in 
up to 15 % of patients undergoing these slings. 
In most series these cases resolve with the 
improvement of postoperative edema on an aver- 
age of 10-14 days. Isolated cases have required 
release of the sling. 
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Fig.9.6 Eroded mesh sling 


Transobturator Male Sling 


Gaining approval in 2006 and just recently 
achieving wide scale acceptance, the complica- 
tions resulting from this device had not previ- 
ously been well described. In 2009, Bauer and 
her group reviewed their experience with over 
230 patients who underwent placement of the 
transobturator male sling [54]. After a median 
follow-up of 17 months, the complication rate 
was 23.9 %. Interestingly, there were no intraop- 
erative complications such as rectal perforation, 
bleeding, or urethral and bladder injuries. 
Postoperative urinary retention was described in 
49 patients (21.3 %). Wound infection (0.4 %), 
urinary tract infections (0.4 %), and persistent 
perineal pain (0.4 %) were also described. Two 
patients (0.9 %) had to undergo sling explanta- 
tion for various reasons including incorrect 
placement (the authors attributed this to either an 
erosion into the urethra or an intraoperative ure- 
thral injury at the time of placement) and sym- 
phisitis thought to be from preexisting 
Guillain-Barre syndrome. 

Others have reported sporadic cases of erosion 
of the sling into the urethra (Fig. 9.6) [10]. In 
some cases sling removal with a combined recon- 
structive procedure such as urethroplasty may be 
required. While erosion is a theoretically possible 
event, many of these cases may actually be unrec- 
ognized injury at the time of placement of the 
sling. Therefore, careful systematic cystoscopy 
with urethroscopy at the time of sling placement 


is imperative to rule out intraoperative injuries 
and prevent these cases of erosion. 

Of the 49 patients (21.3 %) who presented 
with acute urinary retention, all except one 
resolved within 12 weeks (mean 27 days). The 
one patient who did not begin voiding spontane- 
ously underwent transection of the sling after 4 
months which resulted in the ability to void. 
Because of the high rates of short-term urinary 
retention that we have observed immediately 
after surgery, we currently send all patients home 
with a catheter in place from the anesthesia 
recovery unit teaching them how to remove it 
themselves. After initiating this procedure, we 
have not had any patients returning with urinary 
retention greater than 24 h after surgery. 

The authors did note that they could find no 
risk factors for postoperative retention when 
looking at preoperative evaluation. They also 
note in the discussion that of the 230 patients, 
only three required reoperation (1.3 %) requiring 
sling explantation or transection. These results 
were also verified by Cornu et al. who looked at 
the results of 102 patients finding similar rates of 
complications [55]. Overall, these rates are sig- 
nificantly less than those seen with the artificial 
sphincter or the other urethral compressive slings 
such as the bone-anchored slings. The patient 
who presented with a wound infection and febrile 
urinary tract infection were treated successfully 
with antibiotics with no further problems or 
symptoms. 
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Stress urinary incontinence (SUI) is the most 
common form of urinary incontinence, which 
affects approximately 200 million people world- 
wide [1]. SUI is defined as the involuntary loss of 
urine associated with physical activities that 
increase intra-abdominal and bladder pressure. 
Intrinsic urethral rhabdosphincter deficiency and 
urethral hypermobility are the most commonly 
cited etiologies of SUI, which are targets for 
treatment [1, 2]. Current treatment modalities 
include pharmacotherapy, injectable bulking 
agents, pelvic floor muscle therapy, weight loss, 
and slings [3]. The current standards of care have 
varying rates of success, failure, and significant 
side effect profiles that differ from patient to 
patient. As a result, there has been a push for new 
therapies to treat SUI. One of the most promising 
areas of current research into SUI therapy is the 
use of stem cell-based therapy for urethral rhab- 
dosphincter regeneration as current research 
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shows that age-related apoptosis of the sphincter 
is a predominant etiology of SUI. 

Briefly, stem cells are undifferentiated cells 
that have the ability to self-renew or differentiate 
based upon the organism’s needs. Self-renewal 
occurs to ensure that the stem cell population 
is maintained while differentiation occurs in 
order to produce more specialized cells that can 
be used for necessary biological functions. 
Furthermore, there are two broad types of stem 
cells: embryonic and adult. Embryonic stem cells 
(ESCs) are obtained from the inner cell mass of 
embryonic blastocysts and have the greatest 
ability to differentiate into many tissue types. 
The use of these cells is challenging due to ethi- 
cal and regulatory issues. Adult stem cells are 
obtainable from various tissues such as bone 
marrow stroma, muscle, adipose, and blood but 
are limited in their abilities to differentiate into 
various tissue types [4]. The benefit with these 
cells is derived from the ease with which they are 
obtained as well as the lack of regulatory issues. 
Once obtained, the cells are cultivated in a 
laboratory-based environment where they can be 
grown, replicated, and selected for the desired 
cell type. Once the selected cell type is extracted, 
it must be reimplanted in the desired location 
where regenerative repair will occur [4]. 

With regard to SUI therapy, the goal of 
treatment is to cause regenerative repair of the 
deficient urethral rhabdosphincter by using stem 
cells to replace, repair, and enhance the biological 
function of the damaged tissue [4]. Adult stem 
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cells are of the greatest interest in current research 
studies due to aforementioned 
Additionally, adult stem cells can differentiate 
into myogenic cells that are transplantable back 
into the host that they were harvested from. 
Bone marrow stromal cells have been cited as a 
common source of multipotent mesenchymal 
adult stem cells. These cells are able to differenti- 
ate into adipogenic, osteogenic, chondrogenic, 
and, most importantly, myogenic cells [4]. The 
limitations of using this source are the pain 
and complications associated with procurement. 


reasons. 


Furthermore, the yield of myogenic cells from 
bone marrow has been shown to be lower than 
other sources [5]. Adipose-derived stem cells 
have gained much attention as these cells are rel- 
atively easy to harvest from fat tissues and can 
differentiate into adipogenic, chodrogenic, osteo- 
genic, myogenic, and neurogenic cells. When 
transplanted, these cells can act as bulking agents 
as well as induce myogenic regeneration [5]. The 
final source of adult stem cells that is commonly 
used in SUI therapy is muscle-derived. These 
cells are taken from muscle biopsies that can be 
performed with local anesthesia. The cell types 
that can be obtained from this source include 
myoblasts, satellite cells, muscle progenitor cells, 
and muscle-derived stem cells [4]. Periurethral 
transplantation of these cells allows for forma- 
tion of new myofibers and innervations due to the 
release of neurotrophins [4]. The limitations of 
using these types of cells include poor survival of 
injected cells, which is currently being investi- 
gated in the literature [1]. 


Why Stem Cells 


In the last decade the use of human stem cells has 
been presented as a potential breakthrough in the 
treatment of several different types of lower uri- 
nary tract diseases. The regenerative medicine 
held great expectations in the treatment of func- 
tional disorders of lower urinary tract system 
such as urinary incontinence, neurogenic blad- 
der, and urethral trauma. While these approaches 
hold much promise, the practical results and 
treatments available to patients have been slow to 
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materialize. We did not see the rapid translation 
of research done in the labs into the clinical 
treatments. 

The initial concept of cell-based therapy for 
SUI was based on the hypothesis that injection of 
skeletal myoblasts into a dysfunctional urethra 
could “recharge” the sphincter muscle [6]. The 
further evolution was the injection of stem cells 
derived from skeletal muscle cells. In 2002 Yiou 
et al. published their results on skeletal-derived 
stem cells injection in a murine model of urethral 
sphincter lesion [7]. These initial results were 
followed by other preclinical and clinical studies 
(Table 10.1). The next step was represented by 
the utilization of nonskeletal stem cells such as 
those derived from adipose tissue or stem cells 
derived from bone marrow [8]. 


Sources of Stem Cells 


There are two groups of stem cells that have been 
investigated for a clinical use. They are the plu- 
ripotent ESCs and the multipotent adult stem 
cells. Due to ethical concerns and the possible 
teratogenicity, the use of ESC has been limited in 
most of Western Europe and North America. 

The adult, somatic, stem cells can be obtained 
from any vascularized tissue as it is currently 
thought that they constitute the pericytes of the 
vessels within the tissue [9]. The common donor 
sites for adult stem cells are the bone marrow, the 
skeletal muscle, and the adipose tissue. Each of 
the above sources has advantages and limitations 
as summarized in the schematic below. 


Bone Marrow 


Bone marrow has three types of Stem cells [10]: 
hemopoietic, endothelial, and mesenchymal 
(potentially useful for SUI regenerative therapy). 
The advantages are that they are easy to isolate, 
easy to cultivate, multipotent, and leak of MHC 
class I cell surface marker (invisible to the host 
immune system and as such can potentially be 
used as “Universal” cells from one donor to a dif- 
ferent recipient). Disadvantages are that a bone 
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Table 10.1 Clinical trials for stem cell use in stress urinary incontinence 


Study Patients Stem cell type Administration method Follow-up 
Se`be P, 12 females Autologous Intrasphincteric injection 1 year: 3 patients dry, 7 
Doucet C et al. mesenchyme-derived patients improved on 
stem cells (MDSC) 24 h pad test but not on 
voiding diary, 2 patients 
slightly worse 
Lee CN, 39 females Allogenic human Urethral submucosal 1 year: the effectiveness 
Jang JB et al. umbilical cord blood injection was similar to 
stem cells conventional bulking 
agents 
Herschorn S, 29 females Autologous MDSCs Intrasphincteric 1 year: showing 50 % 
Carr L et al. injections; two doses success rate with no 
given leakage 
Mitterberger A, 20 females Skeletal muscle- Transurethral U/S-guided 1 year: 18/20 patients 
Pinggera GM et al. derived autologous injections of fibroblasts were cured while the 
fibroblasts and into urethral submucosa remaining 2 were 
myoblasts and myoblasts into improved. 2 years: 
sphincter 16/20 were still cured, 2 
others were improved, 2 
lost to follow up 
Carr LK, 8 females Autologous MDSC Transurethral injection 1 year: 1/8 cured, 5/8 
Steele D et al. improved, no serious 
adverse reactions 
reported 
Strasser H, 42 females Autologous myoblasts TUUS-guided injection 1 year: 38/42 
Marksteiner R et al. and fibroblasts from into rhabdosphincter completely continent 
skeletal muscle 
Blaganje M, 38 females Autologous myoblast — Ultrasound-guided 6 week: 78.4 % had 
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matrow biopsy is required to harvest the cells, 
and they represent only a small % of cells in the 
bone marrow. 


Muscle-Derived Stem Cells 


Muscle-derived stem cells have the advantages of 
being easy to harvest (simple muscular biopsy 
and they have good integration with host muscle 
tissue. Disadvantage include that it is difficult to 
obtain a sufficient number of stem cells and keep 
the cells alive after the transplant. The process 
requires a specific plating technique and cell 
expansion technique. It is also a time-consuming 
process (up to 6 weeks are required from the har- 
vesting to the reimplantation of the stem cells). 
Also, they express the surface antigens (only 
autologous transplant is possible). 


from skeletal muscle 


injection into the external 
urethral sphincter 
followed by electrical 
stimulation (ES) 


negative urinary stress 
test, 13.5 % considered 
themselves cured 


Adipose-Derived Stem Cells 


Advantages are that they are easy to harvest (sim- 
ple liposuction) and large numbers of multipotent 
cells are present in the adipose tissue. 
Disadvantages are that they are difficult to 
manage, have less favorable homing and implan- 
tation, and they express the surface antigens 
(only autologous transplant is possible). 


Are Stem Cells Safe? 


Many of the earliest stem cell studies were con- 
ducted on cells isolated from tumors rather than 
from embryos. Of particular interest was 
research on embryonic carcinoma cells (EC), a 
type of stem cell derived from teratocarcinoma. 
The EC research laid the foundation for the later 
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discovery of and subsequent work on ESC. Both 
ESCs isolated from the mouse (mESCs) and then 
later from humans (hESCs) shared not only pluri- 
potency with their EC cousins, but also robust 
tumorigenicity as each readily form teratoma. 
Surprisingly, decades after the discovery of 
mESCs, the question of what drives ESCs to 
form tumors remains largely an open one. This 
gap in the field is particularly serious as stem cell 
tumorigenicity represents the key obstacle to the 
safe use of stem cell-based regenerative medicine 
therapies [11]. 

The molecular basis of the tumorigenicity of 
pluripotent cells lies in their cancer-resembling 
properties, namely their ability to self-renew and 
proliferate, lack of contact inhibition, and telom- 
erase activity which are promoted by several 
molecular processes and have been described in 
detail by Blum and Benvenisty [12, 13]. On 
closer examination of the karyotype of ESCs, 
polyploidy has been observed in mESCs despite 
an intact spindle assembly checkpoint (SAC) 
[14]; Mantel and co-workers demonstrated that 
mESCs and hESCs have an intact SAC, but that 
mitotic failure-induced polyploidy does not lead 
to apoptosis of these cells. Mitotic errors often 
occur in rapidly proliferating cells and the SAC, 
typically leading to apoptosis of these cells and 
the necessity for genome maintenance. 
Uncoupling of this mechanism will lead to karyo- 
typic abnormalities in ESC culture. In addition, 
when inducing double-strand breaks in the DNA 
of mouse ESCs and mouse embryoid bodies 
(EBs) by the DNA-damaging agent etoposide, 
ESCs were resistant to apoptosis whereas the 
EBs underwent caspase-3-dependent apoptosis. 
This suggests that polyploidy tolerance in ESCs 
will give way to apoptosis upon lineage-specific 
differentiation. This hypothesis has been con- 
firmed for mouse as well as human mononuclear 
polyploid/aneuploid cells, indicating that check- 
point—apoptosis uncoupling is an intrinsic behav- 
ior of MESCs and hESCs [15]. 

The examination of gene expression in several 
human tumors has shown that the pluripotency 
markers used in reprogramming somatic cells to 
induced pluripotent stem cells (iPSCs) are 
directly oncogenic (e.g., c-Myc and KIf4) or are 
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involved in tumorigenesis (e.g., Sox2, Nanog, 
and Oct3/4). Targets of Nanog, Sox2, and Oct4 
that encode for transcription regulators are over- 
expressed and prove especially active in high- 
grade breast tumors [11, 16]. Upregulation of 
Nanog and Oct4 is also associated with poor out- 
comes in patients with oral cancer [17, 18]. The 
pluripotent genes Oct3/4, Sox2, Nanog, c-Myc, 
and Kif4 were also present in prostate tumor cell 
lines, as well as in primary prostate tumor tissue. 
Furthermore, injection of these tumor cells con- 
taining the pluripotent genes created strong 
tumorigenicity in immunodeficient mice [19]. 

The biological link between pluripotency and 
tumorigenicity can perhaps best be described by 
c-Myc. Although not required for the induction of 
pluripotency in iPSCs, c-Myc augments the 
reprogramming ability of Oct4, Sox2, and KIf4, 
inhibits differentiation, and promotes prolifera- 
tion. Myc proteins have been shown to influence 
several thousand genes. The majority of these are 
upregulated and involved in cell growth; the few 
genes that are downregulated are involved in cell 
cycle arrest, cell adhesion, and cell-cell commu- 
nication. The influence of Myc on these nuclear 
processes is oncogenic [20, 21]. 

However, not all members of the Myc family 
possess the same properties. L-Myc, for instance, 
has a decreased transformation activity and only 
few human cancers are associated with an aberrant 
expression of L-Myc. A recent study reported the 
creation of iPSCs with L-Myc instead of c-Myc 
and chimeric mice derived from these L-Myc 
iPSCs showed reduced tumorigenicity [19]. 

Recently, 21 genes were found to be highly 
expressed in hESCs as well as in teratomas [13]. 
These genes were then credited as known onco- 
genes, if they were involved in cell cycle progres- 
sion, inhibition of apoptosis, signal transduction, 
transcription, or translation. Of these 21 genes, 
Survivin (BIRC5) was found to be the strongest 
candidate gene. Survivin is an anti-apoptotic gene 
that is also involved in mitotic regulation and is 
expressed in the majority of cancers [22]. It was 
highly expressed in hESCs and teratomas and 
downregulated in mature EBs [23]. 

From these insights into the gene expression 
of hESCs and iPSCs, it can be concluded that 
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tumor formation is not dependent on the presence 
of EC-like cells, but is more an intrinsic property 
of pluripotent cells. Furthermore, this tumorige- 
nicity of pluripotent cells is reduced upon differ- 
entiation. The dilemma now facing investigators 
is that in reducing the tumorigenicity of stem 
cells, the very essence of stem cells that makes 
them useful also has to be reduced, namely self- 
renewal and pluripotency. The “best” ESCs are 
often considered to be those that grow fairly rap- 
idly, form tightly packed colonies, have a low 
rate of spontaneous differentiation, and are read- 
ily passageable. The simplest way to slow or even 
eliminate the tumorigenicity of normal stem cells 
prior to transplantation may be to take advantage 
of their natural “brakes” or pluripotency by par- 
tially differentiating them into progenitors [24]. 


Introduction of a Stem Cell-Specific 
Suicide Gene 


The stable genetic introduction of a suicide gene 
such as thymidine kinase (tk) into stem cells has 
been reported to be effective in combination with 
Ganciclovir (Gan) treatment [25]. 


Directed Killing of Residual Stem 
Cells Based on a Nongenetic Method 


The most promising approach to this end is to use 
killer antibodies directed against antigens present 
on the surface of hESC such as SSEA-4 or a 
member of the TRA family [26]. 


Use Stem Cells Themselves for 
Transplant, but First Eliminate Tumor 
Forming Potential Without Genetic 
Modification 


In theory, the simplest approach to regenerative 
medicine and the one expected to lead to robust 
regenerative tissue growth would seem to be to 
use stem cells themselves, but ones that had been 
treated in such a way that they were no longer 
tumorigenic [27]. 


Clinical Experience 


Once the tissue is harvested, the stem cells are 
isolated and proliferated in the lab and the cells 
have to be reinjected in the patients’ body. 

In the literature several different options have 
been presented: 

— Transurethral injection 

— Peri urethral injection 

— Ultrasound-guided transurethral injection into 
the striated sphincter, 

— Ultrasound-guided injection followed by elec- 
trical stimulation. 

The different options are summarized in 
Table 10.1. 

In the past, one major problem and limitation 
in these therapies, regardless of the source of 
stem cells, is represented by the poor survival of 
the injected cells [28]. These problems have par- 
tially been solved with new seeding technique 
such as pre-plating and the use of specific growth 
factors [29]. 

The working principles on how stem cells can 
restore the damaged urethral sphincter function 
are still not completely clear. For instance, 
research in animal suggests urethral recovery 
after injection of bone marrow-derived mesen- 
chymal stem cell secretions as after injection of 
paracrine factors of the stem cells themselves. 
Therefore, weather the improvement results from 
the injection of the stem cells or from their secre- 
tion of specific proteins is unclear [30]. This 
might actually represent a possibility for future 
treatment of SUI. Some authors are speculating 
that in the future some patients may have SUI 
prevented with immediate postpartum injection 
of “off the shelf’ proteins into the urethra, while 
others who have already developed SUI may 
undergo injection of genes to reawaken the hom- 
ing potential of the damaged tissue, or undergo a 
small biopsy and return few weeks later to for 
injection of stem cells into the urethra. 

The use of growth factor that regulates the 
proliferation and differentiation of skeletal myo- 
blasts to promote healing seems fascinating in the 
process of enhancing healing process. However, 
their short biologic half-lives, the rapid clearance 
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of these molecules from the circulation, and the 
difficulty to maintain a sufficient concentration in 
the specific anatomic side is currently preventing 
from its routine clinical use [29]. 


Conclusion 


Currently, midurethral tapes represent the gold 
standard in the treatment of SUI. The tapes, 
regardless of the route through which they are 
deployed, restore the supporting function of liga- 
ments and fascia structure that stabilize urethra 
during sudden increase in the intra-abdominal 
pressure. Despite excellent success rates the 
tapes are not risk-free. One of the concerns with 
these procedures is related to the fact that the vast 
majority of the slings are made of polypropylene 
and are currently under FDA scrutiny. The stem 
cells injected in the urethra have the potential to 
restore the functional, contractile response of the 
striated sphincter. The potential advantage is 
enormous as this therapy could treat SUI with a 
minimal risk. The initial results are promising; 
however, there are many questions that remain 
unanswered. Larger and longer clinical trials are 
necessary to move from a promising cure to the 
new gold standard and a permanent cure of SUI. 
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Treatment of Overactive Bladder 
Refractory to Medications 
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Approach to Management 


Conservative therapy for overactive bladder 
(OAB) has been shown to be a viable stand alone 
or adjunctive option to antimuscarinic agents 
(AMAs). Typically nonsurgical options such as 
behavioral therapy, pelvic floor muscle therapy 
(PFMT), and biofeedback have been recom- 
mended prior to more invasive options such as 
electrical stimulation, intravesical Botox, or aug- 
mentation enterocystoplasty, ileovesicostomy, 
and urinary diversion. We believe this standard 
step-wise algorithmic approach to treatment is 
reasonable, but in some instances may subject 
patients to unnecessary expense and delay in 
treatment. Rather, we prefer to individualize our 
approach to maximize the likelihood of success in 
each patient while appropriately weighing relative 
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risks with potential benefits. So, for example, a 
patient with severe neurogenic OAB refractory to 
AMA may opt for augmentation cystoplasty 
rather than intradetrusor injection of Botox or 
neuromodulation. 

Treatment of associated conditions such as 
prostatic obstruction in men or vault prolapse 
in women should be considered prior to starting 
a nonsurgical regimen for OAB. When referred a 
patient with OAB refractory to AMAs, clinicians 
should begin a thorough history with a detailed 
account of the nature of the patient’s urinary 
symptoms with each symptom characterized and 
quantified as accurately as possible by the patient. 
A physical exam may help elucidate refractory 
causes of OAB; for example, many patients may 
report unsuccessful treatment of OAB symptoms 
with AMAs by their primary doctor, but may be 
unaware that they have pelvic prolapse causing 
urethral obstruction that causes the OAB symp- 
toms. Questionnaires, bladder diaries, and pad 
tests (for incontinent patients) are also useful. 

In patients with OAB refractory to AMAs we 
believe that cystoscopy and videourodynamics 
(VUD) should be considered to look for (1) 
remediable causes of OAB (urethral obstruction, 
urethral diverticulum, bladder cancer, etc.) and 
(2) to classify the Type of OAB. A VUD-based 
classification system can help determine which 
patients would maximally benefit from BT and 
PFMT [1]. In this system, Type 1 OAB refers to 
sensory urgency in which patients essentially have 
a normal VUD without evidence of involuntary 
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detrusor contractions but complain of urinary 
urgency. Type 2 refers to patients whose urgency can 
be correlated to a VUD finding of involuntary 
detrusor contractions but who are able to prevent 
incontinence by contracting their urinary sphinc- 
ter. Type 3 refers to those patients who are able to 
contract their sphincter in response to an involun- 
tary bladder contraction but are ultimately unable 
to abort the contraction and prevent incontinence. 
Type 4 refers to those patients who are either 
unaware or completely unable to prevent any 
incontinence from developing during a bladder 
contraction. For patients with Type 1 OAB, 
behavioral modification will both identify behav- 
ioral patterns and external stimuli that trigger the 
sensory urgency and teach patients to modify it. 
Type 2 and Type 3 OAB patients can be instructed 
with the aid of BT and PFMT to identify the 
onset of a detrusor contraction and contract their 
striated sphincter in response. For Type 2 patients, 
who are ideal candidates for BT, this will often 
cause the contraction to subside preventing 
incontinence and decreasing urinary frequency; 
in Type 3 patients, the sphincteric contraction 
may provide enough of a time window to urinate 
in the bathroom. BT and PFMT are rarely suc- 
cessful in Type 4 patients. 

Surgical treatment of OAB is considered 
under two circumstances: when there is an under- 
lying remediable condition, and when the OAB 
symptoms have proven refractory to nonsurgical 
treatments. For refractory OAB unassociated 
with a remedial condition, Botox injections, 
neuromodulation, enterocystoplasty, and urinary 
diversion may be considered. 


Behavioral Therapy 


Behavioral therapy (BT) is a process of teaching 
patients to measure and empirically alter observ- 
able behaviors that cause or exacerbate their 
OAB symptoms. There is consensus among 
experts that it is effective [2] and may be even 
more effective than AMAs [3]. The use of behav- 
ioral therapy in conjunction with AMAs may be 
more efficacious than either therapy alone [4, 5]. 
BT is most often used when the etiology of OAB 
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is unknown, but it may also be effective when 
OAB is secondary to an underlying condition 
such as prostatic obstruction or even neurogenic 
conditions such as multiple sclerosis or 
Parkinson’s disease [6]. But successful outcomes 
require a motivated patient committed to the regi- 
men prescribed by the behavioral therapist which 
can sometimes require substantial changes in 
behavior. 

BT should begin with a careful history, which 
is crucial in understanding potential behavioral 
influences on OAB. The patient should be que- 
ried in regard to his daytime and nocturnal uri- 
nary patterns and his or her ability to postpone 
micturition once an urge develops. Causes for 
voiding (e.g., severe urgency or convenience 
voiding) and contributing factors such as caffeine 
usage should also be determined. 

The primary tools used to measure outcomes 
and evaluate the nature and severity of OAB 
symptoms is the 24-h bladder diary whose repro- 
ducibility has been previously confirmed 
(Fig. 11.1) [7, 8]. The diary measures the volume 
and time of each void and annotates associated 
symptoms. The bladder diary that we prefer, also 
records the reason for and the severity of urgency 
for each void—the urge perception score 
(Table 11.1) [9]. It can distinguish polyuria with 
normal volume voids from patients who effec- 
tively have a small bladder capacity. For patients 
who complain of OAB symptoms and are found 
to have polyuria, fluid restriction may be suffi- 
cient to alleviate symptoms, but changing ingrained 
behaviors can be difficult and diaries can assess the 
degree of compliance with fluid restriction. Critical 
for behavioral modification, repeat diaries provide 
data on the effects that changes to variables, such as 
caffeine, may have on urination. 

Behavioral modification can be used for 
patients with both sensory urgency without 
detrusor overactivity (DO) and those with DO. 
For patients with sensory urgency, without DO, 
the diary helps to determine at what volume the 
patient experiences symptoms; and the patient can 
be taught to void prior to reaching that volume. 
In addition because many external variables such 
as caffeine and spicy foods or stress may trigger 
urinary urgency in these patients, the 24-h bladder 
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Fig.11.1 Twenty a Uro-Center of New York 

four-hour OAB bladder Phone: (212) 772-3900 Fax: (212) 772-1919 

diary 
Name: Date: 
Time of Day Diary Started: AM PM 
Time you went to bed Time you got up for the day 


hy did you Amount of Urination [Incontinence 
urinate at this i place an X in the 
box if you were 


Please select the number next to your answer and use it for your 
response to the above questions. 


(a) Why did you urinate? (b) Incontinence grade. 
(0) out of convenience (no urge or desire) (0) Grade 0: no urine 
loss 
(1) because I have a mild urge (1) Grade 1: some drops 
(but can delay urination for over (2) Grade 2: moderate 
loss (wet underpants) 
an hour if I have to) (3) Grade 3: extensive 


loss (wet outer clothes) 
(2) because I have a moderate urge 
(but can delay urination for more than 
10 but less than 60 minutes if I have to) 
(3) because I have a severe urge 
(but can delay urination for less than 10 minutes) 
(4) because I have desperate urge 
(must stop what I am doing and go immediately) 


OFFICE USE 
Total 24 hrs output # of voids MVV 
Day volume # voids Night volume # 


voids _____NPI 
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Table 11.1 Case report—before and after BT bladder 
diaries 


Pre-BT Post-BT 
24 h voided volume (mL) 2,640 1,320 
Daytime voided volume (mL) 730 1,080 
Nighttime voided volume (mL) 380 240 
Total 24 h # voids 11 6 
# Daytime voids 8 6 
# Night voids 3 1 
Maximum voided volume (mL) 250 360 
# Incontinent episodes 3 0 
# Urgency episodes 4 0 


diary in conjunction with records of environmental 
causes may help determine what these variables 
might be. 

There is data that caffeine is one variable that 
patients should consider altering as part of their 
BT regimen. A small study of patients with OAB 
who were given relatively high doses of caffeine 
(4.5 mg/kg) and subsequently underwent urody- 
namics found that caffeine decreased the thresh- 
old at first sensation to void [10]. Detrusor 
overactivity and increased bladder sensory sig- 
naling with high doses of caffeine (150 mg/kg) 
has also been found in animal models of mice 
[11]. In another study of women with detrusor 
overactivity, while high caffeine intake (>400 mg 
day) was correlated to bladder symptoms, moder- 
ate and low intake did not significantly affect 
detrusor overactivity [12]. Anecdotally, some 
patients have reported worsening OAB symp- 
toms with tobacco use, but there is little good 
data to confirm this. 

Stress and anxiety may also exacerbate OAB 
symptoms and these should be considered as 
potentially modifiable variables that may impact 
symptoms when patients undergo BT. [13-15] 
Teaching stress reduction techniques should be 
one component of BT for these patients. Obesity 
has been strongly linked to both developing 
OAB symptoms and to the severity of symptoms 
[16, 17]. Weight loss may aid in alleviating OAB 
symptoms [18]. Furthermore, BT should also 
include some evaluation of bowel patterns 
(e.g., constipation) as these are potentially modi- 
fiable variables that also alter OAB symptoms 
[19-21]. 
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In addition to altering triggers to urination, 
behavioral modification regimens may also con- 
sist of timed voiding in which patients gradually 
increase the amount that can comfortably be held 
in the bladder. Upon completing an initial void- 
ing diary to elucidate the frequency of their void- 
ing, patients are instructed to void at a timed 
interval that is initially more frequent than 
reported on the diary. After doing this for typi- 
cally 1-2 weeks, the voiding interval is usually 
increased by 15-30 min per week and the process 
repeated once the patient is able to consistently 
void prior to experiencing the more severe urges 
that prompted treatment. This process generally 
takes about 8—12 weeks and although the exact 
physiological mechanism of timed voiding is 
not known, data has demonstrated its efficacy 
(22, 23]. 

For patients who definitely have or are pre- 
sumed to have detrusor overactivity (DO), 
behavioral therapy can either prevent or abort 
involuntary detrusor contractions. If the bladder 
diary suggests that symptoms are related to bladder 
volume, patients are taught to void at a volume 
before DO is triggered. Patients are also taught to 
recognize patterns that seem to cause the DO— 
running water, “key lock and garage door syn- 
drome,” etc. If that does not work, the third step is 
to teach the patient to contract his or her pelvic 
floor (Kegel maneuver) to prevent or abort invol- 
untary detrusor contractions. Unfortunately, the 
Kegel maneuver is only effective in aborting the 
involuntary detrusor contraction in about half of 
OAB patients. When the patient feels a strong 
urge to void, she is instructed to contract her pel- 
vic floor in rapid succession for short bursts until 
the urge subsides. If that does not resolve the 
urgency, several prolonged contractions for 10 or 
15 s may be useful. In either case, she is instructed 
that once the urge subsides, she should breathe in 
and out slowly in a relaxed fashion and walk 
slowly to the bathroom. Rushing or running, we 
believe, tends to reignite the stimulus for urgency 
and detrusor overactivity and also may induce 
sphincteric incontinence. 

An additional component to behavioral therapy 
includes altering patients’ reaction to the initial 
urge to urinate. Patients complaining of OAB 
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will often void preemptively in order to prevent 
urgency or urge incontinence. This manifests on 
the bladder diary as UPS voids designated 0-1. 
By encouraging patients to void only when a 
stronger urge occurs (UPS score of 2), substantial 
declines in urinary frequency can occur. In addi- 
tion to this, a behavioral modification regimen 
may also look to distraction techniques or even 
hypnosis to alter urgency perception [24]. 

The importance of the Urodynamic OAB 
Classification system and bladder diary cannot be 
overestimated when behavioral therapy is uti- 
lized. The OAB type has a crucial impact on how 
BT proceeds. For example, patients with Type 2 
OAB have involuntary detrusor contractions, but 
the patient perceives a warning and is able to 
contract his sphincter, prevent incontinence, and 
make the detrusor contraction subside so that 
he can walk to the bathroom in an unhurried fash- 
ion. All the behavioral therapist needs to do is 
incorporate what the patient already is capable of 
into the BT program. In patients with Type 4 
OAB, the patient has no awareness or control of 
the involuntary detrusor contractions, so a com- 
pletely different treatment paradigm must be 
constructed based on the particulars of the 
patients life style. This type of patient needs to 
either “relearn” bladder sensations as well as 
control, or void before the involuntary detrusor 
contractions occur. The bladder diary provides 
the metrics by which the initial OAB diagnosis is 
made and then serves as a monitor of the patient’s 
progress as well as a tool for understanding the 
behaviors that need to be integrated into the BT 
process. 


Pelvic Floor Muscle Training 
and Biofeedback 


PFMT (often called Kegel exercises) and biofeed- 
back have been used for decades to treat OAB as 
an alternative and/or adjunct to medications. 
PEMT, by repeated contractions of the pelvic 
floor, strengthens the pelvic floor muscles through 
an unknown neurologic reflex, which shuts off 
the involuntary detrusor contraction that causes 
urgency in some patients [25-27]. 


PFMT can be conducted by the patient after 
proper instruction from a therapist, with or with- 
out biofeedback training. Biofeedback for OAB 
has two applications: to teach the patient how to 
control the pelvic floor muscles, and to strengthen 
those muscles. Biofeedback may be used as an 
adjunctive technique to PFMT [28] and is partic- 
ularly effective when combined with behavior 
modification [29]. The patient is taught how to 
contract the pelvic floor and to do so whenever an 
uncomfortable urge to void is felt. By contracting 
the sphincter, incontinence is prevented during 
the involuntary bladder contraction; the contrac- 
tion also activates a neurologic reflex that stops 
the bladder contraction and provides the patient 
more time to comfortably find a bathroom. 

Biofeedback for OAB is any technique 
whereby patients are given immediate informa- 
tion about the activity of their pelvic floor thereby 
allowing patients to better isolate and control its 
function [30]. Biofeedback is typically done 
through the use of electromyography (EMG) 
leads but can also be accomplished with weighted 
vaginal cones or by sensing the strength of sphinc- 
teric contraction by digital palpation. With vagi- 
nal cones, when patients feel the cones descending 
they are instructed to contract their pelvic floor to 
prevent the cones from falling out. As patients’ 
pelvic floor strength improves, the weight of the 
vaginal cones can also be increased which allows 
for a graded approach towards strengthening the 
sphincter. 

We typically use EMG sensors around the 
vagina or perineum to evaluate the activity of 
the pelvic floor and use an anal manometer to 
measure abdominal pressure. Measurement of 
abdominal pressure allows patients to better iso- 
late their pelvic floor muscles and identify and 
minimize counterproductive abdominal contrac- 
tions during exercises. The patients are taught 
how to contract their pelvic floor, and the strength 
and duration of each muscle contraction is dis- 
played on a screen as is the abdominal pressure. 
The sessions are usually scheduled for 30-60 min 
once a week or every other week. Patients may 
also purchase or rent a portable unit for use at 
home and are instructed to continue their PFMT 
exercise regimen at home. Variables tracked 
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every week include voiding diaries (and 24-h pad 
tests if patents are incontinent) and changes in the 
nature (e.g., strength and duration) of contraction 
that patients were able to generate during the 
biofeedback session. Based on the progress made 
each week, an exercise program is planned for 
the following week. 

Although, complications of biofeedback and 
PFMT are rare, a standardized PFMT and bio- 
feedback regimen has not been accepted. Short- 
term studies with up to 6-month follow-up have 
suggested between 54 and 87 % improvement in 
incontinence [31, 32]. One meta-analysis found 
biofeedback with pelvic floor exercises to be 
superior to pelvic floor exercises alone [33]. 
Although long-term efficacy has not been estab- 
lished in well-designed studies, evidence does 
suggest it remains effective [4, 29]. 


Electrical Stimulation 


Electrical stimulation of the pelvic floor has been 
advocated by some for refractory OAB. There are 
essentially two models of electrical stimulation. 
The first is high frequency stimulation that is 
hypothesized to work by using electrodes in or 
near the vagina, rectum, or perineum to repeti- 
tively stimulate the pelvic floor to increase 
strength and tone of the muscles [34]. The elec- 
trodes can either be placed cutaneously or 
inserted into the rectum or vaginal vault. They 
cause minimal pain during stimulation and ses- 
sions are usually scheduled weekly or at biweekly 
intervals. In some instances, home stimulation 
units may be rented. It is hypothesized that repet- 
itive stimulation results will strengthen the mus- 
cle, increase its tone, and also, through a negative 
feedback system, inhibit the bladder from con- 
tracting, to much the same effect as biofeedback. 

The second type of electrical stimulation uti- 
lizes low frequency electrical stimulation to acti- 
vate inhibitory pathways in the spinal cord and 
inhibit detrusor contraction. The most common 
form available is the Percutaneous Tibial Nerve 
Stimulator (PTNS) which was developed by 
Marshall Stoller at the University of California in 
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San Francisco and sold as the Stoller Afferent 
Nerve Stimulator (SANS). PTNS involves place- 
ment of a 34 gauge needle cephalad to the medial 
malleolus to stimulate the posterior tibial nerve 
with 30 min weekly sessions typically lasting for 
12 weeks. Side effects generally are minimal but 
can include pain and bleeding at the needle inser- 
tion site. 

Studies are lacking as to the long-term effi- 
cacy, but short-term studies, suggest that both 
local stimulation and PTNS are more efficacious 
than sham procedures and the addition of AMAs 
increase their efficacy [35-37]. High frequency 
(transvaginal) and low frequency stimulation 
(PTNS) appear to have similar efficacy [38]. 


Surgical Options 


Surgery may also be an option for patients with 
OAB not secondary to a remediable condition 
(e.g., pelvic prolapse). Surgery should be consid- 
ered if they continue to have bothersome symp- 
toms after failing the therapies previously 
discussed or if the clinician feels that the chance 
of success is low. These therapies will be dis- 
cussed elsewhere in the book but include sacral 
neuromodulation, intravesical Botox, or entero- 
cystoplasty or urinary diversion. Data have dem- 
onstrated that neuromodulation can be effective 
in patients who have failed other treatments [39]. 
Intravesical Botox has recently been approved by 
the FDA for OAB treatment and has been shown 
to be effective in treating patients with refractory 
OAB for both non-neurogenic detrusor overac- 
tivity (DO) and neurogenic DO (particularly 
multiple sclerosis and spinal cord injury). The 
RELAX study, a placebo-controlled, double-blind 
randomized study of 240 women with refractory 
OAB, found substantial improvement in 24 h 
voiding frequency (8.3 vs. 9.67), urgency epi- 
sodes (3.8 vs. 6.67), and episodes of leakage (1.67 
vs. 6.0) as compared to placebo. Urinary tract 
infection (31 %) and urinary retention (16 %) 
were the most common side effects reported [40]. 
Multiple other studies have confirmed the utility 
of Botox in patients with refractory OAB [41-44]. 
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These therapies are discussed in more detail 
elsewhere in this book. 

Finally, enterocystoplasty, ileovesicostomy, 
or other forms of urinary diversion should be 
considered when the patient deems symptoms 
bothersome enough to warrant a major abdomi- 
nal operation. The success rate of augmentation 
enterocystoplasty in relieving OAB symptoms, 
which greatly increases bladder capacity and 
prevents DO, is in excess of 90 % although, 
postoperatively, patients may require intermit- 
tent self-catheterization [45-47]. For patients 
with disabilities that make  catheterizing 
through the urethra impractical, a continent 
abdominal stoma may be created for intermit- 
tent catheterization, or an ileovesicostomy or 
ileal loop may be considered. In patients in 
whom intermittent catheterization is impracti- 
cal, a urinary conduit may also relieve the OAB 
symptoms. 


Fig.11.2 Case report—urodynamic tracing 
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Case Report and Discussion 


Patient is a 53-year-old male stock broker who 
presented with a 20-year history of bothersome 
urinary frequency, urgency, urge incontinence, 
and enuresis refractory to treatment with 
Terazosin 5 mg nightly, prior transurethral micro- 
wave therapy, and trials with multiple AMAs. 

His exam was consistent with a small (approx- 
imately 10 g) prostate without any nodules, nor- 
mal neurologic exam, and was otherwise normal. 
Free flow showed a maximum flow rate of 
16 mL/s with a voided volume of 251 mL and a 
residual urine of 50 mL. Cystoscopy demon- 
strated trilobar prostatic enlargement with an 
elevated bladder neck, and severe bladder trabec- 
ulations and cellules. 

VUD can be seen in Figs. 11.2, 11.3, and 11.4. 
The patient initially demonstrated an involuntary 
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Fig.11.3 Filling phase 


Fig. 11.4 Voiding phase 


detrusor contraction which caused incontinence 
while the patient’s sphincter was relaxed. With 
further filling, the patient was instructed to con- 
tract his sphincter when he sensed the involuntary 
detrusor contraction. The patient was able to suc- 
cessfully abort the contraction and prevent incon- 
tinence (Fig. 11.2). 

The VUD was also consistent with bladder 
outlet obstruction. He subsequently underwent 
an uncomplicated transurethral resection of his 
prostate (TURP). Postoperatively his flow rate 
increased to 28 mL/s (from 16 mL/s) on a voided 
volume of 360 mL and he was noted to have no 
residual urine. However, his OAB symptoms per- 
sisted after his TURP and he underwent a formal 
course of BT and PFMT. Bladder diaries pre- and 
post-BT are demonstrated in Table 11.1. 

The voiding diaries suggest substantial 
improvement in his urinary symptoms. The BT 


emphasized volume restriction. The patient’s 
urge perception score for each void was recorded 
(not presented) and he was encouraged to con- 
tract his sphincter when he developed a mild or 
moderate urge to void to abort his involuntary 
detrusor contraction. By doing this, he eliminated 
his urge incontinence and substantially reduced 
his voiding frequency. 

We typically first address surgically treatable 
remediable causes of refractory OAB such as pros- 
tatic obstruction as we did in this patient. The sub- 
stantial improvement in his flow rate post-TURP 
suggests that his diagnosis of bladder outlet 
obstruction was correct despite a relatively good 
free flow. If his symptoms were completely cured 
after this point, the need for BT would have been 
averted. Because his OAB symptoms remained, 
BT was started with an excellent outcome. 
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Overactivity in Adults: Botulinum 


Toxin-A 


Arun Sahai, Jai Seth, Muhammed Shamim Khan, 


and Prokar Dasgupta 


It has been 11 years since the first publications 
on the use of intradetrusor botulinum toxin-A 
(BTX-A) injections to treat neurogenic detrusor 
overactivity (NDO) in patients with spinal cord 
injury (SCI) [1, 2]. OnabotulinumtoxinA 
(Botox®; Allergan, Ltd., Irvine, USA) has 
recently been approved for use in the bladder of 
neurogenic patients with SCI or multiple sclero- 
sis in various parts of the world. In the near 
future, it is expected that the FDA in the USA 
and the MHRA in Europe will approve the use 
of this toxin in idiopathic overactive bladder. 
Over the last decade, there has been an explo- 
sion of publications on the use of this bladder 
therapy which is primarily used in patients with 
symptoms of overactive bladder (OAB) and/or 
detrusor overactivity (DO) who have failed con- 
servative measures and oral medication with 
antimuscarinics. This is typically due to poor 
efficacy with antimuscarinics or poor tolerabil- 
ity due to side effects such as dry mouth, dry 
eyes, blurred vision and constipation. Initially 
proof of concept/open labelled studies were 
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conducted, whilst later studies focussed on 
mechanisms of action. From these studies it 
became apparent that BTX was not simply 
working by efferent blockade at the neuromus- 
cular junction, as in skeletal muscle, but was 
likely to have an effect on sensory nerves. Later 
publications emerged on technique of adminis- 
tration and evidence from level 1 small ran- 
domised blinded placebo-controlled trials in 
both NDO and IDO. Recently drug sponsored 
phase II and II double-blind randomised pla- 
cebo-controlled trials have been conducted in 
both NDO and IDO. These trials are now pub- 
lished with the exception of the phase III data in 
IDO (at the time of writing this chapter). 

OAB is a syndrome characterised by urgency 
with or without urgency incontinence but usually 
accompanied by frequency and nocturia [3]. The 
majority of patients have proven DO but treatment 
is often instigated without this knowledge by com- 
munity practitioners based on symptoms alone. 
Therapeutic options are split into initial treatment 
and specialised therapy. Initial treatment encom- 
passes lifestyle interventions, ‘bladder training’ and 
the use of oral antimuscarnics [4]. Pharmacotherapy 
in most individuals is still the first-line treatment. 
In the past, if this failed and symptoms were intrac- 
table and had a significant impact on quality of life 
(QoL) patients were managed with augmentation 
cystoplasty or urinary diversion. More recently 
other therapeutic options have been developed and 
include sacral neuromodulation and BTX injections 
into the bladder. 
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Fig. 12.1 A photomicrograph of Clostridium botulinum 
type A viewed using a Gram stain technique 


BTX is a neurotoxin produced by the gram- 
positive anaerobic spore-producing organism 
Clostridium botulinum (Fig. 12.1). It is one of the 
most poisonous naturally occurring toxins known 
to mankind [5]. Its effects range from food poi- 
soning known as ‘botulism’ to an acute and sym- 
metrical paralysis. The severity of its toxic effects 
ranges from mild weakness to respiratory failure, 
coma and death. Seven distinct botulinum 
neurotoxins isoforms (A-G) have been isolated 
[6]. Types A and B are presently used in clinical 
medicine today but some other types are the sub- 
ject of ongoing research. BTX-A is made up of a 
heavy and light chain connected by a disulphide 
bond [7]. Currently several pharmaceutical com- 
panies produce and market BTX-A. The two 
commonest used preparations in the urinary tract 
are Botox® (Allergan Pharmaceuticals Ltd., 
USA) and Dysport® (Ipsen Biopharm Ltd., UK). 
However other preparations are available such 
as Xeomin® (Merz Pharmaceuticals UK Ltd., 
Herts, UK), Prosigne® (Lanzhou Biological 
Products, Lanzhou, China) and PurTox® (Mentor 
Corporation, Madison, WI, USA). Botulinum 
toxin type B (BTX-B) is commercially available 
as Myobloc® in the USA (Elan Pharmaceuticals, 
Inc.) and Neurobloc® in Europe (Elan Pharma 
International Ltd.). BTX-A toxicity is measured 
in mouse units (mU), which is ‘the amount fatal 
to 50 % of a batch of Swiss Webster mice’ [8]. 
One unit of BOTOX® (Allergan, Ltd., USA) is 
considered equivalent to 3—4 units of DYSPORT® 
(Ipsen, Ltd., UK). This is an important point to 
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Table 12.1 FDA approved terminology for BTX products 


Trade name Old drug name New drug name 


Botox Botulinum toxin-A OnabotulinumtoxinA 

Botox Botulinum toxin-A OnabotulinumtoxinA 

cosmetic 

Dysport Botulinum toxin-A AbobotulinumtoxinA 

Xeomin Botulinum toxin-A IncobotulinumtoxinA 

Myobloc Botulinum toxin-B RimabotulinumtoxinB 


keep in mind when analysing different studies, 
so as not to inadvertently utilise incorrect doses. 
In an attempt to prevent dose errors and to recog- 
nise the different formulations the FDA has had 
new terminology recently approved. This is sum- 
marised in Table 12.1. 

The use of BTX-A to treat OAB and DO has 
been recognised by several bodies including the 
European Association of Urology (EAU) [4] and 
the National Institute of Clinical Excellence 
(NICE) [9], to name but a few, and is now fea- 
tured in their guidelines. In addition the toxin has 
been given a grade A recommendation by an 
independent expert European body [10] and in a 
recent largest of its kind systematic review 
BTX-A has been recommended in many aspects 
of lower urinary tract dysfunction [11]. In this 
chapter we will focus on mechanisms of action of 
BTX-A in the bladder, its clinical efficacy and 
safety with emphasis on randomised placebo- 
controlled trials, review techniques of adminis- 
tration and lastly its cost-effectiveness. 


Mechanism of Action 


The initial work on mechanisms of action of 
BTX was studied in skeletal muscle which sug- 
gested that the toxin prevented presynaptic vesic- 
ular acetylcholine (ACh) release. Four steps are 
involved in this process: binding, translocation, 
cleavage and inhibition of transmitter release [7]. 
Once the neurotoxin is exogenously adminis- 
tered, it diffuses to cholinergic terminals where it 
binds to the SV2 receptor [12]. Once bound the 
toxin is internalised inside endocytic vesicles and 
binds to the lipid bilayer of the vesicle. The heavy 
chain is thought to play a key role in translocating 
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Fig.12.2 Mechanism 
of action at the 
neuromuscular junction 
(a) normal and (b) after 
exogenous BTX-A 
administration. (From 
Seth JH, Dowson C, 
Khan MS, et al. 
Botulinum toxin-A for 
the treatment of 
overactive bladder: UK 
contributions. J Clin 
Urol 2013;6:77, 
copyright 2013 by 
SAGE. Reprinted by 
permission of SAGE.) 
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Normal exocytosis 


Nerve terminal plasma membrane 


SV2 Receptor exposed 


during exocytosis 


Botn-A binds to the SV2 receptor 


the light chain into the cytosol, which occurs 
after the cleavage of the disulphide bond between 
them [13-15]. The BTX light chain acting like an 
enzyme is able to cleave SNARE proteins within 
the nerve terminal [16]. Botulinum toxins B, D, F 
and G cleave VAMP/Synaptobrevin, A and E 
cleave SNAP-25 and C cleaves both SNAP-25 
and syntaxin [17]. As the SNARE proteins are 
essential for normal vesicular transport and 
fusion, botulinum neurotoxins are able to pre- 
vent the release of ACh at the pre-synaptic mem- 
brane with resultant blockage of synaptic 
transmission and flaccid paralysis in the target 
muscle (see Fig. 12.2). This was the rationale for 


get 


the introduction of this therapy to treat OAB 
and DO [2]. ATP, a purinergic neurotransmitter is 
believed to be co-released with ACh from para- 
sympathetic cholinergic nerve terminals [18, 19]. 
It has been postulated that ATP via purinergic 
mechanisms contributes a significant amount to 
unstable contractions in IDO [20, 21]. Studies on 
guinea pig [19, 22] and rat [19, 22] bladder strips 
have shown that BTX is able to impair both ACh 
and ATP release, suggesting that its use in treat- 
ing patients with DO and symptoms of OAB is 
well justified. However, it soon became evident 
that patients were also experiencing a welcome 
improvement in the sensation of urinary urgency, 
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which is the hallmark of OAB. As a result, scientists 
and clinicians began investigating the possible 
effects of BTX on afferent nerves. In recent 
years there is evidence to suggest that BTX-A 
modulates sensory neurotransmission, although 
the exact mechanism remains unclear [23]. 

The sensation of ‘bladder fullness’ is provided 
by the urothelium, which has a strong role in 
mechanosensation. C-fibres comprise up to two 
thirds of bladder afferent nerves, and it is thought 
that these fibres are involved in the reorganisation 
of the reflex activity seen in OAB. The other 
predominant afferent fibre is the Ad fibre. The 
myelinated Ad fibres tend to be located within 
the detrusor muscle and respond to detrusor 
stretch. The unmyelinated C fibres tend to be 
dispersed more widely, in the detrusor, suburothe- 
lium and adjacent to urothelial cells, providing 
nociception and are sensitive to changes in tem- 
perature and pH. These nerves are thought to be 
important in the pathogenesis of urgency and OAB 
(24, 25]. Intrathecal BTX-A injection causes a 
significant reduction in recordings from c-fibre 
activity, with a less significant reduction in Ad 
fibre activity [26]. 

Sensory signalling is aided by numerous 
receptors and sensory peptide substances. These 
include the capsaicin-sensitive ion channel recep- 
tor TRPV1, which has been shown in human and 
animal studies to have importance in the sensa- 
tion of noxious stimuli in the bladder. It is thought 
that the stimulation of urothelium by stretch, 
inflammation, acidity and temperature causes 
local release of a variety of neuropeptides, includ- 
ing nerve growth factor (NGF), ATP, substance 
P (SP), neurokinin A (NKA) and calcitonin gene- 
related peptide (CGRP) [27]. In a study of dorsal 
root ganglion (DRG) cells, BTX-A has been 
shown to reduce the release of SP and disables 
SNARE-dependent exocytosis of TRPV1 to the 
plasma membrane [28, 29]. The density of sub- 
stance P and CGRP immunoreactive nerves was 
increased by 82 % in patients with IDO, suggest- 
ing that there is an increase in these types of 
afferent neurons in patients with this condition 
[30]. In an isolated rat bladder model, Rapp et al., 
investigated the effect of BTX-A on CGRP 
release [31]. A mixture of capsaicin and ATP was 
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used to evoke CGRP release from the bladder and 
BTX-A (100 U) was found to significantly reduce 
this evoked release compared with controls [31]. 
In a similar model the same group of authors 
investigated the effect of BTX-A in acute injury 
(HCL) and chronic inflammation (cyclophos- 
phamide) [32]. They found that both HCL and 
cyclophosphamide increased substance P neu- 
rotransmitter release but only HCL increased 
CGRP release compared to controls. The admin- 
istration of BTX-A (10 U) significantly reduced 
the levels of these neurotransmitters in this 
inflammatory model to levels consistent with 
controls [32]. 

There is growing evidence that the urothelium 
releases ATP in response to stretch, which in turn 
activates suburothelial purinergic neurons, which 
conveys information to the CNS to activate mictu- 
rition [33]. Urothelial release of evoked ATP is 
increased in animal models of DO (SCI and 
cyclophosphamide-induced cystitis) and BTX-A 
significantly reduces this evoked release compared 
to controls [34, 35]. Application of ATP in rat 
bladders in vivo precipitates DO and this is also 
reduced by BTX-A [36]. By reducing urothelial 
ACh release, BTX-A may block both excitatory 
afferent signalling and detrusor parasympathetic 
transmission during urine storage, similar to oral 
antimuscarinic medications [23]. 

Bladder biopsies from patients with either 
NDO or IDO have shown an increased expres- 
sion of the capsaicin receptor, TRPV1 and the 
purinergic receptor, P2X3 compared to controls 
[37]. BTX-A treatment has been demonstrated to 
significantly reduce these receptor levels at 4 and 
16 weeks post- treatment. The fastest change was 
in the P2X3 immunoreactivity, which correlated 
with improvements in urinary urgency at both 
time points. 

NGF is a signalling molecule produced in the 
urothelium. NGF is necessary for the survival of 
sympathetic fibres and receptor expression on 
small sensory fibres. It is thought that ultimately 
NGF, produced by the urothelium and smooth 
muscle, plays a role in triggering pathology- 
induced changes in C-fibre afferent nerve excit- 
ability after mechanical stretch, causing increased 
urinary frequency, reflex bladder activity and 
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unstable bladder contractions [38]. Through 
immunohistochemistry techniques it has also 
been demonstrated that the quantities of NGF in 
human bladder tissue is raised in conditions such 
as painful inflammatory conditions, OAB, inter- 
stitial cystitis, bladder outflow obstruction and 
chronic prostatitis [38]. It has also been sug- 
gested that NGF production in the superficial lay- 
ers of the bladder may leak into the urine with 
bladder stretching. Using an enzyme-linked 
immunosorbent assay (ELISA), the levels of 
NGF in the urine can be quantified. Significantly 
higher levels of urinary NGF have been found in 
OAB compared with healthy controls with no 
bladder symptoms. Bladder tissue and urinary 
levels of NGF have been demonstrated to be 
significantly reduced after BTX-A treatment, 
which may explain the reduction of nerve sprout- 
ing in the urothelium [39, 40]. 

As afferent mechanisms may be important in 
the pathophysiology of DO, the excellent thera- 
peutic efficacy of BTX in the bladder may in part 
be explained by this proposed dual (efferent and 
afferent) mechanism of action. 


Clinical Efficacy and Safety 
of BTX-A to Treat OAB/DO 


Neurogenic Detrusor Overactivity 


Level 1 Evidence 

In 2005, Schurch et al., reported the first 
double-blind randomised placebo-controlled trial 
involving 59 NDO patients, predominantly 
with spinal cord injury (SCI), who were ran- 
domised to receive in a 1:1:1 ratio, 200, 300 U 
OnabotulinumtoxinA or placebo [41]. The pri- 
mary end point of urinary incontinence (UI) epi- 
sodes decreased significantly at all time points 
except at 12 and 18 weeks in the 200 U group. 
Interestingly, when compared with placebo, 
improvements only reached statistical significance 
in the 300 U group at 2 and 6 weeks and in the 
200 U group at 24 weeks. Patients receiving BTX-A 
at either dose showed significant improvement in 
QoL as assessed by the incontinence quality of 


life (I-QOL) questionnaire administered at all 
follow-up time points. In a subsequent publication 
the I-QoL scores were broken down into their 
individual domains of avoidance limiting behav- 
iour, psychosocial impact and social embarrass- 
ment and the same improvements were observed 
at all time points for 300 and 200 U except for 
psychosocial impact and social embarrassment at 
24 weeks [42]. The commonest reported adverse 
event was UTI in 22 %. The authors concluded 
that 200 or 300 U was equally efficacious. 
Surprisingly antimuscarinic use remained similar 
in the study in contrast to the preliminary pilot 
study by Schurch et al., in 2000 [1]. The urinary 
incontinence, urodynamic and I-QOL results are 
summarised in Table 12.2. 

The first double-blind randomised placebo- 
controlled trial with the use of Abobotulinum- 
toxinA 500 U in NDO was subsequently pub- 
lished [43]. In this small study 17 patients received 
AbobotulinumtoxinA and 10 patients placebo. 
Tolterodine was allowed 1-week post-injection for 
no or insufficient effect. Tolterodine usage was 
higher in the placebo group compared with BTX-A 
over the 26-week study period. UI episodes and 
MDP were significantly reduced following 
AbobotulinumtoxinA injections compared to pla- 
cebo throughout the study and MCC increased sig- 
nificantly except for the end of study time point at 
26 weeks. QoL was globally improved in the 
BTX-A group compared with placebo. 

This year a randomised multi-centre double- 
blinded placebo-controlled study was reported 
from Canada assessing OnabotulinumtoxinA 
300 U compared to placebo in 57 patients [44]. 
The study demonstrated significant improvements 
in UI episodes and QoL using the I-QOL question- 
naire at 6, 24 and 36 weeks compared to placebo. 
Urodynamic parameters were generally improved 
for up to 24 weeks. Antimuscarinics usage at 6 
weeks in those that were taking them previously 
was 67 % and 94 % for OnabotulinumtoxinA and 
placebo groups, respectively. The commonest 
adverse event was UTI [44]. 

Recently in a large phase III double-blind 
multi-centre placebo-controlled trial 275 patients 
were randomised to OnabotulinumtoxinA at 200, 
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Table 12.2 Summary of results from a phase II double- 


blind randomised placebo-controlled trial of 
OnabotulinumtoxinA in patients with NDO 

Time 

point Placebo 
(weeks) 300 U (n=19) 200 U (n=19) (n=21) 
Daily UI episodes 

Baseline 2.8 (1.86) 1.9 (1.78) 3.0 (3.29) 
2 =1.3 (1.39)* —1.0 (1.67)? —0.2 (1.02) 
6 =1.5 (2.33% —0.9 (1.84)? —0.2 (1.45) 
12 —1.2 (1.66)? —0.9 (2.14) —0.3 (1.46) 
18 —1.2 (1.16)? =0.8 (2.75) =0.3 (1:59) 
24 —0.9 (1.34) =1.1 (1.92} —0.1 (1.09) 
MCC (mL) 

Baseline 293.6 260.2 254.6 

2 479.6 (186.1)? 482.5 (215.8)*® 282.0 (27.4) 
6 462.7 (169.1)*° 448.8 (182.1)? 299.6 (45.0) 
24 398.2 (92.9)? 440.9 (174.2) 301.0 (41.6) 
RDV (mL) 

Baseline 254.8 169.1 202.4 

2 198.1 (8.6) 306.9 (135.3) 206.7 (4.3) 
6 268.5 (96.0°) 234.2 (47.3) 244.6 (42.6) 
24 305.4 (72.4) 327.4 (144.6)*® 226.4 (23.5) 
MDP (cmH,0) 

Baseline 92.6 77.0 79.1 

2 41.0 (-66.3)*” 31.6 (—52.9)*®° 71.4 (-7.7) 
6 45.9 (—62.2) 40.1 (—44.4)*® 69.0 (-10.1) 
24 55.2 (-35.5)*> 48.8 (-38.7)* 80.6 (-1.4) 
Median I-QOL score 

Baseline 44.3 48.9 42.6 

2 T2 79.5” 49.4 

6 773° 84.1° 56.3 

12 724° 84.1° 45.5 

18 69.3° 85.2° 46.0 

24 67.0° 86.4° 44.3 


From Schurch B, de SM, Denys P et al. Botulinum 
toxin type is a safe and effective treatment for neuro- 
genic urinary incontinence: results of a single treat- 
ment, randomised, placebo-controlled 6-month study. 
J Urol 2005;174(1):196-200; and Schurch B, Denys P, 
Kozma CM, Reese PR, Slaton T, Barron RL. Botulinum 
toxin A improves the quality of life of patients with 
neurogenic urinary incontinence. Eur Urol 
2007;52(3):850-858 

Mean values (mean change from baseline) unless 
indicated 

UI urinary incontinence, MCC maximum cystometric 
capacity, RDV reflex detrusor volume 

‘Statistically significant within-group changes from base- 
line and versus placebo 

»Statistically significant changes versus placebo 


A. Sahai et al. 


300 U and placebo [45]. This is the largest study 
of its kind and included patients with both multi- 
ple sclerosis (MS) and SCI who had >14 UI epi- 
sodes per week. The primary end point of UI 
episodes at 6 weeks was significantly reduced 
with OnabotulinumtoxinA at both doses com- 
pared with placebo. At this time point fully con- 
tinent rates were 7.6 %, 38 % and 39.6 % for 
placebo, 200 U and 300 U, respectively. -QOL 
scores were also significantly greater at 6 weeks 
suggesting improved QoL in those treated with 
OnabotulinumtoxinA compared with placebo. 
The urodynamic and UI data is summarised in 
Table 12.3. The median duration of effect of 
OnaboutlinumtoxinA was 42.1 weeks in contrast 
to placebo, which was 13.1 weeks. Seventy-four 
patients received a second injection with similar 
benefits. Approximately 50 % were not perform- 
ing clean intermittent self-catheterisation (CISC) 
at baseline. The need to instigate CISC was 12 %, 
30 % and 42 % in the placebo, 200 U and 300 U 
groups, respectively. This was at the clinicians’ 
discretion as opposed to a cut-off residual value. 
No neutralising antibodies were detected in the 
serum at the exit point of the study. The study 
concluded 200 U was equivalent to 300 U but 
with a better safety profile. Although typically 
open labelled studies utilised 300 U for treating 
NDO, on the basis of the phase II and III clinical 
trial data, it is likely the initial recommended 
dose for this patient population will be 200 U 
OnabotulinumtoxinA. 


Other Relevant Studies and Study 
Populations 

Patient satisfaction is now regarded as an impor- 
tant parameter to assess following treatments 
especially newer therapies. Using a 5-point scale 
of very dissatisfied (1) to very satisfied (5) injec- 
tions of 500 U AbobotulinumtoxinA was shown 
to improve the satisfaction score from a mean 
score of 1.6-3.8 in 16 NDO patients [46]. Hori 
et al., have also recently reported on patients sat- 
isfaction in a group of patients with SCI and 
NDO treated with AbobotulinumtoxinA [47]. 
Mean satisfaction scores were 6.2/10 and 90 % of 
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Table 12.3 Summary of results from a phase IMI double-blind 
randomised placebo-controlled trial of OnabotulinumtoxinA 
in patients with NDO 


Time point Placebo 
(weeks) 300 U (n=91) 200 U (n=92) (n=92) 
Weekly UI episodes 

Baseline 31.2 (18.1) 32.5 (18.4) 36.7 (30.7) 
2 —15.8 (25.8) -18.8 (16.7)?  -9.7 (17.9) 
6 —19.4 (25.7)* -21.8 (18.1)* -13.2 (20.0) 
12 —19.8 (18.6) —20.5 (18.9)* —12.2 (22.2) 
MCC (mL) 

Baseline 246.8 (149.1) 247.3 (147.6) 249.4 (139.3) 
6 157.2 (185.2) 157.0 (164.8) 6.5 (144.8) 
PdetmaxIDC (cmH,0) 

Baseline 42.1 (33.2) 51.7 (41.0) 41.5 (31.2) 
6 —26.9 (33.2) —28.5 (47.8)? 6.4 (41.1) 
BC mL/cmH,0O 

Baseline 64.7 (87.6) 54.6 (63.5) 58.1 (76.2) 
6 60.9 (147.3) 71.5 (157.1) 2.7 (97.8) 
Patients with no IDC % 

6 59.5 64.4 17.4 
I-QOL Score 

6 24.3 24.4” 11.7 

12 25.9° 25.1° 8.6 


From Cruz F, Herscorn S, Aliotta P et al. Efficacy and 
Safety of OnabotulinumtoxinA in Patients with Urinary 
Incontinence Due to Neurogenic Detrusor Overactivity: A 
Randomised, Double-Blind, Placebo-Controlled Trial. 
Eur Urol. 2011 Oct;60(4):742-50 

Mean baseline and change from baseline scores and (stan- 
dard deviation) 

UI urinary incontinence, MCC maximum cystometric capac- 
ity, PdetmaxIDC maximum detrusor pressure during first 
involuntary detrusor contraction, BC bladder compliance 
*»<0.01 

?p<0.001 

ĉp<0.05 vs. placebo 


patients were happy to have AbobotulinumtoxinA 
treatment as a long-term treatment strategy. 
Only 15 % would consider a permanent alternative 
solution such as clam ileocystoplasty. 

The majority of studies show improvements in 
QoL with OnabotulinumtoxinA and 
AbobotulinumtoxinA injections, however, Kalsi 
et al., using the UDI-6 and IIQ-7 QoL question- 
naires found a statistically significant correlation 
between improvements in QoL with improve- 
ments in frequency, urgency and urge urinary 
incontinence but not for urodynamic parameters 
in NDO patients [48]. 


How quickly do OnabotulinumtoxinA 
injections begin to change OAB symptoms? In 
our experience this has been quite variable rang- 
ing between 2 days and 2 weeks, although we 
have had 2 patients who have only experienced a 
change in symptoms after 4 weeks. Kalsi et al., 
recently addressed this with a 7-day voiding 
diary immediately after injection [49]. In the 
NDO group significant improvements compared 
to baseline were demonstrated as early as 2 days 
for urgency, frequency and nocturia with signifi- 
cant improvements with incontinence episodes 
by day 3. 

Grosse et al., recently tried to establish whether 
any differences could be found when treating 
NDO with AbobotulinumtoxinA or Onabo- 
tulinumtoxinA and whether treatment with 
increasing doses of AbobotulinumtoxinA would 
correlate with a dose-dependent effect [50]. 
Limitations included its retrospective nature and 
that the OnabotulinumtoxinA group was a 
matched population of cases. Furthermore doses 
of AbobotulinumtoxinA varied between 500 and 
1,000 U and of OnabotulinumtoxinA between 
200 and 400 U. No significant differences were 
identified between the two formulations apart 
from continence volume being greater at 3 months 
in favour of AbobotulinumtoxinA. Furthermore 
no dose-dependent trend could be seen in clinical 
and urodynamic parameters at 3 and 9 months 
between the AbobotulinumtoxinA doses, how- 
ever, at higher doses of toxin, time between repeat 
injections appeared longer although this was not 
statistically significant [50]. Recently a compre- 
hensive systematic review has tried to address this 
question [11]. A full comprehensive review of the 
BTX-A literature was conducted and the authors 
concluded there was good evidence showing the 
benefits of both OnabotulinumtoxinA and 
AbobotulinumtoxinA in the treatment of NDO in 
adults; however, OnabotulinumtoxinA is better 
studied than abobotulinumtoxinA. Furthermore 
due to the heterogeneity of study protocols, direct 
comparisons were not possible. Both formula- 
tions improved symptoms, urodynamics and QoL 
and although interinjection interval and failure 
rates were quite wide ranging, they were similar 
between the two toxin formulations [11]. 
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Kuo has also recently conducted a compara- 
tive study in patients with NDO with either cere- 
bral vascular accident (CVA) or a suprasacral 
spinal cord lesion. Both groups were injected 
with 200 U OnabotulinumtoxinA [51]. Although 
reflex volume and MCC increased in those with 
CVA, large post-void residuals were noted with 
little change in incontinence. Overall, however a 
successful result (either continence or a subjec- 
tive improvement in incontinence) was noted in 
only 50 % in those with CVA compared with 
92 % in the SCI group. Further study in this area 
is required but certainly this study highlights that 
not all neurogenic bladder responds to BTX-A 
treatment equally and aetiology maybe signifi- 
cant with regard to outcomes. 

Finally, Giannantoni et al., recently reported 
on 6 patients with NDO and severe Parkinson’s 
disease or Multiple System Atrophy successfully 
treated with OnabotulinumtoxinA 300 U [52]. 
Significant improvements in OAB symptoms, 
urodynamics and QoL as assessed by the I-QoL 
were observed following treatment at 1 and 3 
months post-injection. These authors have also 
published results on 8 patients treated with 
OnabotulinumtoxinA 100 U in Parkinson’s disease 
patients alone with similar good results [53]. 


Repeated Injections 

Several authors have published their results of 
repeated injections of BTX-A in NDO and this 
has recently been summarised [54]. Studies 
using OnabotulinumtoxinA [55-60] and 
AbobotulinumtoxinA [60-64] have both been 
published and overall the data suggests that 
repeated injections are equally efficacious as the 
first with continued benefit with regard to OAB 
symptoms, urodynamic parameters and QoL 
improvement [54]. However due to the reporting 
of these studies (some report on all injections, 
some report on a set number of patients who have 
had for example 5 injections), it is difficult to 
assess true efficacy as all patients who had 
BTX-A may not have been included. The largest 
study from Del Popolo et al., assessed 
Abobotulinum toxin at varying doses of 500- 
1,000 U in a cohort of 199 SCI patients with 
NDO [62]. In total 590 injections were performed 
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in 199 patients with 49 patients having at least 5 
injections. Statistical analysis was performed for 
up to 7 injections and significant improvements 
in maximum cystometric capacity, reflex detrusor 
volume and bladder compliance were observed. 
In addition UI rates were significantly reduced 
as was pad usage. Patient satisfaction improved 
after each injection compared with baseline and 
in only 10 % of patients did the effects of the 
toxin last <6 months [62]. Khan et al., reported 
on repeated injections in a cohort of 137 patients 
with multiple sclerosis and NDO treated with 
OnabotulinumtoxinA 300 U [59]. QoL as 
assessed by the UDI-6 and IIQ-7 showed consid- 
erable improvement 4 weeks after each treatment 
even when repeated six times. Four weeks after 
the first treatment, 76 % became completely dry. 
This efficacy was sustained with repeat injec- 
tions. The median interval between re-treatments 
remained constant at 12-13 months. The vast 
majority were required to perform CISC post- 
treatment. Finally, Manfred Stoehrer’ group have 
published on their long-term experience using 
both OnabotulinumtoxinA (200-300 U) and 
AbobotulinumtoxinA (750—-1,000 U) [60, 64]. 
No significant differences were found in the 
interval between injections 1—4. Duration of 
effect for injections 1—4 was approximately 10 
months with no difference between the two for- 
mulations. Significant improvements in maxi- 
mum cystometric capacity and reflex detrusor 
volume were observed. Although bladder com- 
pliance improved, this did not reach statistical 
significance for injections 1—3. Similar outcomes 
were shown with further follow-up with a mean 
duration of benefit of 8.7 months [60]. 

A concern from clinicians is the potential for 
fibrosis after repeated BTX-A injections, which 
may lead to reduced bladder compliance and 
worsening of OAB symptoms. In our repeat 
BTX-A study, bladder compliance is significantly 
improved following each repeated injection and 
no significant difference was demonstrated when 
comparing compliance following the first and 
fourth injection [65]. A recent histological study 
in NDO patients suggested OnabotulinumtoxinA- 
injected bladders (1—4 injections) had less fibrosis 
when compared to BTX-A naive patients [66]. 
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This was based on their own grading scale using a 
cut-off of 20 %, i.e. mild fibrosis if occupying 
<20 % of muscle fibres and/or submucosa and 
important fibrosis if >20 %. No differences in 
inflammation and oedema were observed in the 
two groups. Whether fibrosis occurs after 4 injec- 
tions is yet to be determined but further study is 
required to assess this, especially as more patients 
may opt for repeated BTX-A injections over sur- 
gical treatment such as augmentation cystoplasty 
in managing their symptoms. Hafekamp et al., 
reported on a lack of structural changes before 
and after BTX injections in patients with NDO 
[67]. Contrary to reports with striated muscle 
very little axonal sprouting was observed following 
treatment. Apostolidis et al., assessed biopsies 
after one or a limited number of repeat BTX-A 
treatments and found no significant change in 
baseline inflammation [68]. Mild fibrosis was 
seen in 2.2 % of all biopsies which did not alter 
pre- or post-treatment. No evidence of dysplasia 
was seen. 


Idiopathic Detrusor Overactivity 
and Bladder Oversensitivity 


Level 1 Evidence 

Our group reported on the first randomised, 
double-blind, placebo-controlled trial reporting 
the efficacy and safety of OnabotulinumtoxinA 
200 U in treating patients with IDO [69]. The pri- 
mary end point of the study, significantly increase 
in maximum cystometric capacity at 3 months, 
was achieved following OnabotulinumtoxinA 
compared with placebo. Overall significant 
improvements in OAB symptoms, urodynamic 
parameters and QoL as assessed by UDI-6, IIQ-7 
and KHQ were observed in favour of 
OnabotulinumtoxinA in this small study [69, 70]. 
In the OnabotulinumtoxinA group, 50 % of 
patients were continent at follow-up, and the 
improvement lasted 24 weeks. Urinary frequency 
normalised in 57 % of patients in the 
OnabotulinumtoxinA group at 4 weeks and 36 % 
maintained this benefit at 24 weeks. Until this 
study the need to instigate CISC was reported typi- 
cally between 0 and 15 %; however, the incidence 


in this study was 37.5 %. Since then other level 1 
ongoing studies reporting experience with 
OnabotulinumtoxinA have confirmed that this 
figure is accurate for 200 U [65, 71]. The other 
common side effect was UTI, which occurred in 
20.5 %, despite the use of prophylactic antibiot- 
ics. This is similar to the rate reported in the 
literature [41, 72]. 

Since this study was conducted and reported, 
three other randomised placebo-controlled trials 
have been published utilising BTX-A in patients 
with IDO [71, 73, 74]. Brubaker et al., ran- 
domised female patients in a 2:1 fashion to 
OnabotulinumtoxinA 200 U or placebo [71]. 
An interval analysis suggested high rates of void- 
ing dysfunction, necessitating CISC (43 %), and 
as a result the trial was halted. However, utilising 
the Patient Global Impression of Improvement 
Score (PGI-I), where patient perception is assessed 
on a 7-point scale, 60 % felt an improvement in the 
OnabotulinumtoxinA group with mean scores at 2 
months better compared with placebo. Significant 
reduction in UI episodes were also observed in 
favour of OnabotulinumtoxinA at 1 and 2 months 
post-injection. Time to failure was longer in those 
treated with OnabotulinumtoxinA compared 
with placebo. Incidence of UTI was also high and 
was more prevalent in those who received 
OnabotulinumtoxinA and in particular in those 
performing CISC. 

In another trial, OAB patients were recruited 
and randomised between OnabotulinumtoxinA 
300 U, 200 U and placebo [73]. DO was not a 
prerequisite for inclusion into the study. Only 
the preliminary results, i.e. 6-week follow-up 
have been published so far and as the investiga- 
tors were blinded to the doses, the two 
OnabotulinumtoxinA groups’ data were com- 
bined for the purpose of this analysis. Fifteen 
patients received either OnabotulinumtoxinA 
200 or 300 U and 7 patient’s placebo. Significant 
reductions in UI episodes, 24-h pad weights and 
number of pads per day with improvements in 
QoL were observed for OnabotulinumtoxinA 
compared to placebo. However, no significant dif- 
ferences were observed between the two groups 
when assessing frequency, nocturia, maximum 
cystomteric capacity or reflex detrusor volume. 
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Adverse events to note included 18 % with UTI 
and 27 % in the OnabotulinumtoxinA group had 
high PVR >200 mL. Despite the latter, only one 
patient was commenced on CISC. 

A recent drug sponsored large phase II dose 
escalation randomised placebo-controlled study 
assessing OnabotulinumtoxinA in patients with 
refractory OAB was recently reported [74]. This 
multi-centre international study recruited 313 
patients and randomised patients to 50, 100, 150, 
200, 300 U and placebo. Approximately 75 % 
had IDO and the rest had bladder oversensitivity 
(BO), i.e. symptoms of OAB with no DO on 
urodynamics. At week 12, mean change from 
baseline in UUI episodes was —17.4, —20.7, 
—18.4, -23.0, -19.6 and —19.4 for the placebo and 
OnabotulinumtoxinA dose groups of 50 U, 
100 U, 150 U, 200 U and 300 U, respectively. 
Dry rates were 15.9 %, 29.8 %, 37.0 %, 40.8 %, 
30.9 % and 57.1 % in the placebo, and 50 U, 
100 U, 150 U, 200 U and 300 U dose groups, 
respectively. Although a clear placebo effect is 
seen, there were statistically significant differ- 
ences between active treatment and placebo at 
various time points. Using non-parametric analy- 
sis and a rank residual score, a dose-dependent 
effect was observed with minimal additional 
benefit for this parameter with doses >150 U. The 
lowest dose of 50 U did not appear to be as effec- 
tive as doses 100-300 U. Those with IDO or BO 
had similar benefits. In a separate report assess- 
ing urodynamics, all doses were associated with 
significant increases in maximum cystometric 
capacity compared to baseline at 6 weeks; how- 
ever, at 36 weeks this was only the case for 150, 
200 and 300 U [75]. Reductions in UUI episodes 
appeared to be similar regardless of whether DO 
was present or not. Dose-dependent increases in 
PVR were observed up to 200 U. The maximal 
effect of increased PVR was at 2 weeks and 
thereafter values declined to 36 weeks. Adverse 
events reported significantly higher in the 
OnabotulinumtoxinA groups compared with pla- 
cebo were high PVRs and UTI. The percentage 
of patients requiring an indwelling catheter or 
CISC were 0 %, 5.4 %, 10.9 %, 20.0 %, 21.2 % 
and 16.4 % for placebo, 50 U, 100 U, 150 U, 
200 U and 300 U, respectively. 
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Three other small open labelled studies have 
also shown symptom benefit in the use of 
OnabotulinumtoxinA in treating BO [76-78]. 
However in another randomised double-blind 
placebo-controlled study, the benefits were less 
evident [79]. The study utilised 100 U 
OnabotulinumtoxinA and although the primary 
end point of increase in maximum cystometric 
capacity was metin favour of OnabotulinumtoxinA 
this did not translate into OAB symptom or 
durable QoL benefit for patients with poor over- 
all response rates. 


Other Relevant Studies 

Kalsi et al., using the UDI-6 and IIQ-7 question- 
naires found a statistically significant correlation 
between improvements in QoL with improve- 
ments in urgency and urge urinary incontinence 
but not urodynamic parameters in IDO patients 
treated with OnabotulinumtoxinA 200 U [48]. 
The same group studied as to when OAB symp- 
toms change following injection of the same dose 
[49]. The study showed frequency, urgency and 
UUI was significantly reduced by day 4 follow- 
ing treatment. Nocturia took longer to reduce sig- 
nificantly. Urgency remained significantly 
reduced after day 4 up until week 4 but frequency 
and UUI were a little more variable, although by 
week 4 all OAB symptoms including nocturia 
were significantly less compared to baseline. 

In order to combat the risk of developing high 
PVR in patients with IDO an interesting and 
novel study compared bladder injections with 
bladder and urethral sphincter injections in com- 
bination in 44 predominantly female patients 
[80]. Sphincteric injections were given to those 
who had a PVR >15 mL at baseline. In total 200- 
300 U OnabotulinumtoxinA were administered 
with 50-100 U given in the external sphincter. 
Improvements in urinary frequency, pad usage and 
urodynamic parameters were observed. A signifi- 
cant PVR compared to baseline at 4 weeks was 
seen in those with bladder injection alone 
(78 mL) compared to combination treatment 
(28 mL). A potential concern with the technique 
was the development of de novo stress urinary 
incontinence in those who received sphincteric 
injections. Pad usage at 4 weeks was similar in 
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both groups and when assessing questionnaires 
specific to this aspect, although more patients 
answered in favour of stress symptoms in the 
combination group (bladder + sphincter injec- 
tion), this did not reach statistical significance. 

White et al., have recently demonstrated that 
the use of OnabotulinumtoxinA 200 U appears 
to be equally efficacious in the elderly popula- 
tion (>75 years of age) [81]. In this study 2/3 of 
the patients had IDO and 1/3 NDO with 4 
patients presenting with mixed incontinence. 
Approximately 75 % reported >50 % improve- 
mentinsymptoms following OnabotulinumtoxinA 
injections at | month. Significant reductions were 
observed for frequency and pad usage per 24 h 
compared with baseline values. Five patients 
did not initially respond with two of these five 
responding after a further injection of 
OnabotulinumtoxinA. None of the patients inter- 
estingly developed high PVR or any other major 
complications. Mean duration of benefit was 
approximately 7 months. 

In 2007, the first sets of studies using 
AbobotulinumtoxinA in the management of IDO 
were published. Ghalayini et al., published on 
their small series of both NDO and IDO patients 
treated with 500 U. In the IDO group consisting 
of 16 patients, significant improvements in OAB 
symptoms, urodynamic parameters and pad 
usage were seen at 6 weeks following treatment 
[46]. Median duration of action was 5 months. 
One patient developed retention of urine and 3 
others required CISC for a short period of time. 
Another study from the UK utilised 500 U in 
treating refractory IDO also suggested significant 
benefit [82]. Sixty-three percent of patients were 
dry at 1 week and 32 % at 3 and 6 months. 
Significant reductions in frequency and urgency 
were seen up to 6 months compared to baseline. 
Pad usage was significantly less after 6 weeks of 
treatment. Although trends of improvement were 
seen in urodynamic parameters only first desire 
to void was significantly increased in BTX-A 
treated patients at 3 months. DO seen in 100 % 
pre-injection had resolved in 40 % by 3 months. 
Again high rates of voiding dysfunction were 
seen with 35 % requiring an SPC or CISC at 6 
weeks follow-up. 


Repeated Injections 

We followed up our original cohort of 34 patients 
involved in the first randomised double-blind 
placebo-controlled trial in patients with IDO 
[65]. Twenty patients received a repeat injection 
and of these nine subsequently received a third 
and fourth injection. OnabotulinumtoxinA doses 
of 100-300 U were used. Significant improve- 
ments in OAB symptoms and QoL were observed 
after each injection as compared with baseline. 
Maximum cystometric capacity and bladder 
compliance increased with decrease in the maxi- 
mum detrusor pressure during filling cystometry. 
When comparing OAB symptoms, QoL and uro- 
dynamic parameters 3 months after the first and 
last injections, no significant differences were 
found. Nine patients had their BTX-A dose 
altered, with better outcomes in five. The com- 
monest reported problems were difficulty in 
emptying the bladder requiring CISC (25 % after 
the first repeated injection) and UTI. This study 
is the first to report on OAB symptom outcomes 
and a dose optimisation strategy following 
repeated BTX-A injections in an IDO population. 
This dose optimisation protocol (selected patients 
had a reduction in dose to try to avoid the need to 
perform CISC and poor responders to initial 
treatment had their doses increased) improved 
outcomes in 5/9 (56 %) patients. Clearly larger 
scale studies are required with more patients 
before one can say this is a reasonable and safe 
approach to employ. In this study 3/4 (75 %) 
patients who were classified as poor responders 
had significantly better outcomes with higher 
doses of the toxin. A subanalysis of our patients 
series has suggested a high mean MDP 
(>110 cm H,O) at baseline was a predictor for a 
poor response [83]. In these patients 
OnabotulinumtoxinA 200 U may not be sufficient 
to improve clinical outcomes and/or patient sub- 
jective assessment but with higher doses they are 
seen to improve both subjectively and objectively. 
We have also assessed the issue of difficulty emp- 
tying the bladder and the need for CISC following 
OnabotulinumtoxinA treatment with 200 U and 
have shown that preoperative detrusor contractility 
variables, calculated from urodynamics, maybe 
helpful in predicting CISC use. 
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Khan et al., recently have reported on QoL 
outcomes following up to six repeated BTX-A 
injections in IDO patients [84]. In total 129 injec- 
tions were performed in 81 patients, but <5 patients 
were assessed after 4 injections. The median inter- 
interval injection was 14 months. Significant and 
sustained improvements in QoL were seen using 
validated questionnaires. The CISC rate was 43 % 
and UTIs were seen in 15 %. 

Finally in our experience few studies report on 
discontinuation rates and the reasons why. In our 
recent publication on 207 injections in 100 
patients, efficacy was maintained in patients who 
had 5 injections in terms of OAB symptoms and 
QoL improvements [85]. The data suggested drop 
out rates were approximately 25 % for injections 
1-2 and then no other patient discontinued beyond 
the second injection. The commonest reason for 
discontinuing treatment was poor efficacy (13 %) 
or dislike of CISC (11 %). 


Technique of Injection 


The original description of BTX-A injections for 
the treatment of NDO was through a collagen 
flexible needle using a rigid cystoscope [1]. Since 
then the technique has evolved but the way in 
which the toxin is administered into the bladder 
has not been standardised and indeed practice 
varies around the world. In the initial experience 
with BTX-A and NDO, the trigone was avoided 
on the assumption that paralysing the trigonal 
muscle might induce VUR. Since then there has 
been mounting evidence that BTX may also 
affect sensory nerves and that afferent mecha- 
nisms have an important role in the pathophysiol- 
ogy of DO [27]. Investigators in the USA have 
advocated injecting the trigone [86], based on the 
fact that this area of the bladder contains the 
highest density of nerve fibres, including afferent 
population. Recently two studies have demon- 
strated that trigonal injections do not induce 
VUR, putting to rest the debate frequently con- 
tested at international meetings in those involved 
with injecting [87, 88]. In an OAB population 
(4 with IDO and 7 with sensory urgency) video 
urodynamics 6 weeks following BTX-A injections 
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totalling 200 U into the bladder base and trigone 
suggested no new VUR and in the one patient 
who had VUR pretreatment this did not worsen 
[87]. In another study in NDO patients similar 
results were obtained in a population of 21 
patients whose bladders were injected with a 
total of 300 U OnabotulinumtoxinA of which 
50 U were injected in the trigonal area [88]. 
Again no new cases of VUR were seen. 

The “Dasgupta technique’ is a minimally inva- 
sive, daycase, local anaesthetic procedure utilis- 
ing a flexible cystoscope to perform BTX-A 
injections [89, 90]. Prophylactic antibiotics and 
20 mL of 2 % lignocaine intraurethral gel are 
administered prior to the procedure. The injec- 
tions are evenly distributed over the dome, poste- 
rior, right and left lateral walls of the bladder, 
avoiding the trigone. The technique has obvious 
benefits in terms of cost and ease of administra- 
tion. In addition, the needle length (4 mm) is such 
that injection beyond the bladder is unlikely. 
Furthermore as an ultra-fine needle is used the 
chance of backflow of the toxin after removal of 
the needle is reduced. The ‘Dasgupta technique’ 
is quick; the procedure taking on average 
15-20 min to perform and is also well tolerated 
with pain scores approximately 3—4 out of 10 on 
a visual analogue scale [91]. This minimally 
invasive technique has been adopted by some cli- 
nicians in the USA to treat patients with refrac- 
tory OAB using 100 U of OnabotulinumtoxinA 
[92]. Ten injections are utilised and injected 
submucosally into the bladder base and trigone 
only. In their series of 10 patients similar effi- 
cacy was reproduced compared with their older 
rigid cystoscopic technique involving 30 injec- 
tion sites. The added benefit appears to be that 
no patient developed urinary retention or an 
elevated post-void residual with the use of a 
reduced dose of BTX-A and this modified tech- 
nique. Another group in the USA also using the 
‘Dasgupta technique’ found the procedure was 
well tolerated and safe to use in the ‘office’ 
(outpatient) setting [93]. In this study mean pain 
scores in females and males were 3.1 and 1.6 
out of 10, respectively. Only 1 patient out of 27 
requested sedation if they were to have another 
BTX injection. 
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Mehnert et al., conducted a contrast MRI-based 
study in 6 patients following BTX-A injections + 
contrast to try and determine where the injection 
were likely to be placed [94]. As expected the 
majority of the injections were placed in the 
detrusor muscle (82 %) but some of the contrast 
material was seen to reach the perivesical fat tis- 
sue outside the detrusor. The technique employed 
utilised a rigid cystoscope and a 22G needle 
(0.7 cm) and had a needle length of 8 mm which 
was inserted into the bladder wall and withdrawn 
halfway prior to injection. Two injection tech- 
niques, 30 or 10 injections, were compared with 
similar outcomes clinically and in terms of 
contrast material present within and outside the 
detrusor. 

In an attempt to improve the tolerability of the 
rigid cystoscopic technique similar to what was 
initially described by Schurch et al. [1], electro- 
motive drug administration (EMDA) of ligno- 
caine was assessed in a pilot study with good 
results [95]. Patients were compared with stan- 
dard lignocaine instillation transurethrally 
(n=10) to lignocaine instillation enhanced by 
EMDA (n=28). The mean pain scores using a 
10-point scale were 4 versus 0.5 in the lignocaine 
and lignocaine EMDA-enhanced groups, respec- 
tively. Despite the EMDA, the technique still was 
cost-effective when compared to spinal or gen- 
eral anaesthesia. 

Another topic of debate amongst clinicians is 
the exact location and ideal depth of injections. 
As mentioned earlier some believe the bladder 
base and trigone should be targeted and others 
feel that a more global bladder approach would 
be better, particularly in NDO patients. As affer- 
ent nerve endings are in the suburothelium, some 
advocate injecting, ideally, in this layer. In practi- 
cal terms, experts feel wherever the injection is 
located, whether the suburothelium or the detru- 
sor, there is likely to be some diffusion of BTX in 
either direction. In cases of suburothelial injec- 
tions a ‘bleb’ is raised and can be readily seen 
during cystoscopy (Fig. 12.3). Whether these are 
present or absent appears not to effect efficacy in 
our opinion and is also a shared view from other 
clinicians familiar with the technique, suggesting 
that the therapeutic effect is similar, as long as the 
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Fig. 12.3 Injection of BTX-A using the Dasgupta tech- 
nique; Suburothelial bleb seen below sheath 


bladder is successfully injected and there is no 
inadvertent injection into the bladder lumen or 
‘backspill’ from the injection into the lumen. 

In attempt to address some of these questions, 
Kuo et al., randomised 45 patients with refractory 
IDO to detrusor, suburothelial or bladder base 
injections [96]. Detrusor and suburothelial injec- 
tions consisted of 40 injections distributed over 
the bladder avoiding the trigone and the bladder 
base injections involved only 10 injections into 
the trigone. In all cases a total of 100 U 
OnabotulinumtoxinA was administered using a 
rigid cystoscope. Satisfaction scores at 3 months 
were best in the suburothelial and detrusor groups 
with at least 50 % improvement seen in 80 % and 
93 % of the groups, respectively, which com- 
pared favourably with the bladder base group 
which achieved the same outcomes in only 67 %. 
At 6 months this decreased to 47 %, 67 % and 
13 % for suburothelial, detrusor and bladder base 
injections, respectively. Interestingly, no signifi- 
cant differences were observed in OAB symp- 
toms or the urgency severity score at 3 months. 
Although not statistically significant, difficulty 
with urination and high post-void residuals were 
noted in 33 % (detrusor), 47 % (suburothelial) 
and 13 % in the bladder base. Furthermore acute 
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urinary retention was seen in 13 % in the detrusor 
and suburothelial groups and in none in the blad- 
der base group. When assessing urodynamics, 
maximum cystometric capacity and PVR were 
significantly higher in the detrusor and suburo- 
thelial groups compared to bladder base injec- 
tions at 3 months but conversely functional 
bladder capacity was statistically higher in the 
bladder base group. Furthermore no evidence of 
VUR was seen in any group after BTX-A 
injections confirming that it is unlikely trigonal 
injections promote VUR. Lucioni et al., in their 
study comparing trigonal and non-trigonal injec- 
tions were not able to show a difference in symp- 
toms or QoL scores between the two groups at 
any follow-up time point [97]. However, a recent 
study from Ireland by Manecksha et al., looked at 
trigone inclusive (20 injections—S in the trigone 
and 15 outside the trigone in the bladder) versus 
trigone sparing (20 injections throughout the 
bladder) AbobotulinumtoxinA (500 IU total) 
injections into the bladder to treat refractory OAB 
[98]. Utilising the overactive bladder symptom 
score (OABSS), significant reductions were seen 
in the in overall score and in the urgency subscale 
in favour of trigone inclusive technique. 

Very recently the concept of BTX-A instilla- 
tion has come to light. Chuang et al., have used 
liposomes, phospholipid-bilayered vesicles, to 
potentially facilitate the passage of BTX-A 
through the urothelium in a rat model [99]. In this 
unique study baseline cystometrograms were 
performed and a day later liposomes, BTX-A or 
lipotoxin (BTX-A + liposomes) were instilled 
into the bladder for 1 h. On day 8 bladder hyper- 
activity was induced by instilling acetic acid into 
the rat bladder and further cystometrograms were 
recorded. The inter-contraction interval was 
reduced by 57 %, 56 % and only 21 % following 
acetic acid administration in the liposome, 
BTX-A and lipotoxin groups, respectively. This 
suggests lipotoxin pretreatment suppresses acetic 
acid-induced bladder hyperactivity. Furthermore 
lipotoxin pretreated rats had significantly less 
inflammation in the bladder as assessed by stan- 
dard immunohistochemistry. Reduced SNAP-25 
expression and increased CGRP expression 
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(indicating less release from the suburothelium in 
response to the acetic acid) was observed in the 
lipotoxin group when compared to the other 
groups. This rat-based model is the first to sup- 
port the use of liposomes to transmit BTX-A to 
the suburothelium; however, the mechanism by 
which this is achieved is not yet been established. 
None the less this promising initial study will 
hopefully prompt further research into the possi- 
bility of BTX-A benefits without the need to per- 
form injections which would most likely translate 
into better patient tolerability. Since then Khrut 
et al., have conducted a pilot study using an ani- 
mal model of DO and compared bladder wall 
injections and instillations [100]. In the animal 
study, the average intermicturition and threshold 
pressures, as well as the number and amplitude of 
non-voiding bladder contractions decreased sig- 
nificantly in both instillation and injection 
groups. Micturition pressure decreased signifi- 
cantly only in the intramural injection group. 
The same authors on this basis decided to con- 
duct a pilot study in 16 patients with refractory 
IDO. Although the treatment of instillation was 
well tolerated, 9/16 patients noted no change in 
symptoms and in those that did derive benefit, the 
mean duration of action was 6.8 weeks. No signifi- 
cant change in contractility variables were noted 
either in the human study. This study suggests 
intravesical instillation alone is not as efficacious 
as bladder injections, certainly in humans, and any 
benefit appears short-lived. Whether altered drug 
delivery with carrier molecules into the suburothe- 
lium and detrusor in humans can improve these 
results is still yet to be determined. 


Health Economics and Cost 
Considerations 


There is a limited amount of literature available 
on the cost-effectiveness of BTX in treating 
OAB. The current preferred method to assess 
cost-effectiveness of a new procedure is the cost 
per quality adjusted life years (QALY) gained 
[101]. The cost-effectiveness ratio is typically the 
cost of the new intervention minus the cost of 
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current practice divided by the new intervention 
QALY minus the current practice QALY. A cost- 
effectiveness ratio of <£20,000—30,000/QALY is 
considered cost-effective by NICE [102]. In the 
UK a cost-effectiveness analysis was conducted. 
Although a cost per QALY gained calculation was 
not possible due to the lack of data linking bladder 
symptoms of DO to utility data needed to calculate 
QALYs gained, costing of the procedure were cal- 
culated based on NHS standard costs and NHS 
resources used by typical patients [101, 103]. The 
overall costs of one set of OnabotulinumtoxinA 
injections including clinic consultation, basic 
investigations such as urine dipstick and an urody- 
namic study, the injection procedure with consum- 
ables, clinic review in the outpatient clinic 
post-injection with a further urine dipstick and 
post-void residual, equated to £826 per patient. 

In the USA, a cost-effectiveness model was 
utilised to assess BTX-A injections in compari- 
son to antimuscarinics in treating urge urinary 
incontinence [104]. A 2-year time horizon was 
modelled and this allowed for a repeat injection 
of BTX-A if necessary. BTX-A treatment was 
costed at $4392 versus $2563 for anticholinergics 
but was more effective than anticholinergics. The 
cost-effectiveness ratio, i.e. the cost per QALY 
gained was $14,377 (approximately £8830) indi- 
cating that the BTX-A treatment was extremely 
cost-effective. 

A more recent multi-centre study in Germany 
has recently reported outcomes of Onabotulinum- 
toxinA 300 U in treating NDO and its cost 
implications [105]. In 136 patients resource data 
was available 12 months pre- and post-BTX-A 
injection to make a cost analysis. Significant 
reductions were observed following treatment in 
UTIs (68 % to 28 %), incontinence episodes 
(63 % to 33 %) and incontinence aids (58 % to 
28 %). As a result, significant cost savings 
were possible based on less antibiotic costs to 
treat UTIs (from approximately €160 to €80/ 
year) and less equipment, e.g. pads, catheter costs 
used for incontinence (from approximately €2 
to €1/day). 

Watanabe et al., have assessed the 3-year costs 
comparing treatment options in patients refractory 


to anticholinergics, namely sacral neuromodula- 
tion, BTX-A injections and augmentation cysto- 
plasty [106]. Their study based from a US tax 
payers perspective, assessed initial costs for the 
procedures and follow-up costs for 3 years. 
Their findings suggested BTX-A was the most 
cost-effective approach over the study period 
assessed with the sensitivity analysis suggesting 
over 3 years, costs included $25,384—$27,357, 
$4586-$11,476 and $12,315-$16,830, for 
sacral neuromodulation, BTX-A and augmenta- 
tion cystoplasty, respectively. Further longer 
term analysis would be necessary however, as 
BTX-A injections are likely to be repeated 
where as neuromodulation and augmentation 
cystoplasty are more permanent interventions. 
Furthermore this study and many others do not 
factor in costs related to adverse events of BTX-A, 
namely increased UTI rate and the costs related 
to CISC. 

Another study compared OnabotulinumtoxinA 
300 U (10 injections over 5 years) and augmenta- 
tion cystoplasty using a decision analysis model 
and demonstrated BTX-A treatment was less 
expensive over 5 years, costing $28,065 and was 
more cost-effective over 5 years if the effect 
lasted for >5.1 months. The model was based on 
a surgical complication rate of 40 % but if this 
rate fell to <14 %, augmentation cystoplasty was 
cheaper over the 5 years [107]. 

Using a Markov analytical model, sacral neu- 
romodulation was compared to BTX-A over 5 
years [108]. Success was defined as a 50 % reduc- 
tion in UI episodes, daytime frequency or pad 
usage. The cost-effectiveness analysis after a 
5-year period showed 4.95 QALYs for neuromod- 
ulation compared to 4.72 for BTX. The 5-year 
costs were €25,780 for SNM and €19,353 for 
BTX. Sacral neuromodulation only became 
cost-effective after 4 years. In this analysis it was 
presumed both procedures were performed under 
general anaesthesia and OnabotulinumtoxinA 
200 U was injected yearly. If the analysis factored 
in the BTX-A injections under local anaesthesia 
or when peripheral nerve evaluation or bilateral 
testing was used for neuromodulation, BTX-A 
injections were more cost-effective. 
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Conclusions 


Over the last decade, BTX-A has truly estab- 
lished itself as an effective, safe and repeatable 
option to treat refractory OAB and DO. 
Significant improvements in symptoms, urody- 
namic parameters and QoL are achievable. The 
commonest side effects reported are UTI and 
voiding dysfunction necessitating CISC. This is 
less of an issue in the neurogenic population 
where a considerable amount of patients already 
will be utilising CISC, however is more relevant 
to those with IDO and careful counselling with 
regard to this is essential. The mechanisms of 
action of the toxin are clearly complex within the 
bladder and there is significant evidence now 
which confirms both motor and sensory effects. It 
is likely following the large phase II and III trials 
recently published for OnabotulinumtoxinA that 
doses of 100 U and 200 U will be recommended 
for IDO and NDO, respectively. In our experi- 
ence this is generally correct; however, there are 
some patients who will need dose optimisation 
and may even require higher doses in order to 
achieve the required goals (high voiding pres- 
sures, symptom control, prevention of voiding 
dysfunction). Techniques vary around the world 
and adaptations of the technique can be per- 
formed to suit the patient, e.g. trigonal injection 
may help reduce voiding dysfunction but possi- 
bly at the risk of less duration of action. It is 
expected that FDA and MHRA approval is on the 
horizon, which can only be a step forward in the 
right direction, so that the millions of people who 
suffer with OAB can have better access and be 
helped by this remarkable toxin. 
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Urinary frequency, urgency, and urge incontinence 
represent common problems in the urologist’s 
practice. The term overactive bladder (OAB) is 
defined by the International Continence Society 
as “urgency or frequency with or without urge 
incontinence in the absence of other pathological or 
metabolic conditions to explain these symptoms” 
[1]. Although pharmaceutical management and 
pelvic floor rehabilitation combined with behav- 
ioral modification provide relief to many patients 
with symptoms of OAB, many patients have 
insufficient improvement or are unable to tolerate 
pharmacologic therapy [2]. By some estimates, 
up to 40 % of patients either are refractory to pri- 
mary management or have an unsatisfactory 
response. In such cases, sacral neuromodulation 
(SNS) is a minimally invasive and reversible 
treatment with a high rate of success that is an 
attractive option before consideration of more 
invasive and permanent treatment modalities. 
Neuromodulation therapy for OAB symptoms 
represents a recent step in the long history of 
the use of electrical stimulation for medical 
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purposes. Early medical applications of electri- 
cal stimulation in the nineteenth century were 
aimed at a broad range of disorders including 
depression and excess libido. Over the next half 
century, pioneering applications in urology 
applied electrical stimulation to the bladder, pel- 
vic floor, or sacral roots for neurogenic urinary 
retention or neurogenic overactivity. Advances 
in cardiac pacing and miniaturization of electri- 
cal instruments led to a resurgence of interest in 
neuromodulation of bladder function. The 
Department of Urology at the University of 
California, San Francisco led by Drs. Richard 
Schmidt and Emil Tanagho was instrumental in 
performing some of the early work and laying 
the foundation for the use of SNS for the treatment 
of refractory voiding dysfunction. Drs. Craggs and 
Fowler in London [3] and Drs. DeGroat and 
Chancellor [4] at the University of Pittsburgh have 
performed further work on the mechanism of 
action of SNS. 

Initial large-scale trials were funded by 
Medtronic (Minneapolis, MN, USA) in the 
mid-1990s and led to approval from the United 
States Food and Drug Administration of InterStim 
for SNS for urge incontinence in 1997 and for 
urgency/frequency and nonobstructive urinary 
retention in 1999. Since then, over 25,000 
patients have undergone SNS [5]. A systematic 
literature review by Brazelli [6] demonstrated 
evidence for safety and efficacy of SNS for neu- 
romodulation in both randomized controlled 
trials (RCTs) and case series. For the RCTs, 
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80 % of patients achieved either 90 % continence 
or a 50 % improvement in their urge incontinence 
symptoms after SNS. 


Mechanism of Action 


The exact mechanism of action of SNS is 
unknown, but it may restore the balance of inhib- 
itory and excitatory influences on bladder and 
sphincter function controlled by spino-bulbo- 
spinal pathways. Bladder afferents project to the 
pontine micturition center which then modulate 
micturition reflexes. In this theory, sensory 
somatic input from the pelvic floor acts to inhibit 
bladder afferents and may be deficient in the 
OAB syndrome [7]. SNS acts by somehow restor- 
ing these inhibitory pathways at the level of S2-4 
which provide the primary autonomic (pelvic 
nerve) and somatic (pudendal nerve) innervation 
for the bladder, urethra, and pelvic floor. Studies 
on the latency of the motor response to SNS after 
chronic treatment have suggested that somatic 
afferents, in particular, are activated [8]. 

Cortical sensory changes are also observed 
during SNS. EEG studies show activity that best 
correlates with the sensory cortex and combined 
PET/MRI (magnetic resonance imaging) studies 
do not show activation of the areas associated 
with bladder filling sensation and micturition. 
These findings support the theory that SNS mod- 
ulates somatic sensory pathways rather than 
directly influencing bladder and sphincter func- 
tion. Neural plasticity may also play a role over 
the course of SNS and PET studies show an ini- 
tial activation of areas associated with motor 
learning, followed by activation of motor areas 
associated with pelvic floor and abdominal mus- 
culature [9]. 

Such PET findings may relate to another the- 
ory that the mechanism of action of SNS lies in 
efferent-mediated augmentation of the guarding 
reflex [10]. Indeed, in animal models, chronic 
SNS leads to hypertrophy of striated external 
sphincter muscle fibers and increased urethral 
closure pressures [11]. It is, however, unclear if 
these changes are secondary to modulation of 
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somatic afferents or direct stimulation of motor 
pathways via Onuf’s nucleus. Recent studies 
have also investigated the neurotransmitters 
that mediate the effect of SNS and found that 
both non-NMDA and vanilloid receptors play a 
role [3]. 


Case Studies 


Here we present two illustrative cases of patients 
with refractory OAB symptoms treated with SNS. 


Case 1 


A 35-year-old G2P2 white female presents with a 
5-year history of urinary frequency and urgency. 
She denies hematuria or significant pain compo- 
nent and has never had urge incontinence. She 
voids every 45 min to hourly during the day and 
has nocturia about twice a night. She dates her 
urinary symptoms as starting soon after undergo- 
ing hysterectomy for fibroids. Medical and surgi- 
cal history otherwise is remarkable only for 
constipation and appendectomy. There are no 
culture-proven urinary tract infections, but the 
patient has tried several courses of antibiotics 
without significant improvement. She has tried 
anticholinergics without any significant improve- 
ment of her urinary symptoms and worsening of 
her constipation. Physical examination is unre- 
markable and pelvic examination shows normal 
external genitalia without significant prolapse or 
estrogenized introitus. Neurological examination 
including perianal sensation and rectal sphincter 
tone is normal. 

Voiding diary reveals a functional capacity 
of 220 mL with an average void of 125 mL. 
There are 16 and 18 voids on two 24-h diaries. 
Urodynamics reveals first sensation at 40 mL, 
with a strong desire at 75 mL and a capacity of 
130 mL. Emptying is normal, but there is some 
Valsalva augmentation during voiding. There is 
no evidence of detrusor overactivity. Cystoscopy 
is unremarkable and essentially normal except 
for hypersensitivity and limited capacity. 
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Case 2 


A 55-year-old white female presents with com- 
plaints of inability to make it to the bathroom in 
time. She has accidents where she loses large 
amounts of urine 2-3 times weekly, but more com- 
monly (3-4 times daily), she will lose up to three 
tablespoons as she is entering the bathroom or 
trying to undress. The urge incontinence has been 
present for 5—6 years but the large volume inconti- 
nence is new. She denies any bowel incontinence, 
has mild constipation, and denies any neurologic 
disease. She is otherwise healthy, with mild 
hypertension, and is G3P3 (all deliveries were 
performed with Caesarean section); she denies 
any stress incontinence or fecal incontinence. 

Her examination essentially is unremarkable, 
with no evidence for any prolapse and a normal 
abdominal and neurological examination. Urine 
is clear with no hematuria or pyuria. Cystoscopy 
is normal and urodynamics reveals terminal 
detrusor overactivity with inability to inhibit the 
detrusor contraction. Anticholinergic medications 
are of minimal help. 


Indications 


SNS is indicated for the treatment of refractory 
urge incontinence and refractory urinary fre- 
quency/urgency syndromes, or refractory OAB, 
depending on one’s terminology. Generally, 
patients who have failed or could not tolerate 
more conservative therapy, such as behavioral 
modification, pelvic floor rehabilitation (includ- 
ing pelvic floor biofeedback/muscular vaginal 
electrical stimulation), and anticholinergic/anti- 
muscarinic medications, are given a trial of SNS. 
Some physicians exhaust all possible options, 
including high-dose combinations of antimusca- 
rinics and tricyclic antidepressants, before con- 
sidering neuromodulation as an option; others 
will move to SNS earlier. 

In 2009, the International Consortium on 
Incontinence published an algorithm for the man- 
agement of patient with OAB [12]. SNS is the only 
minimally invasive treatment option for refractory 
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OAB to be granted a level A recommendation 
(high level of evidence) by the International 
Consortium on Incontinence. These recommen- 
dations are based on RCTs of SNS for urgency/ 
frequency and urge incontinence demonstrating 
safety and efficacy along with subsequent follow-up 
studies demonstrating a durable response. These 
studies are reviewed later in this chapter. 

In the United States, the current approval is 
for the treatment of refractory urinary frequency/ 
urgency syndromes, urinary urge incontinence, 
and nonobstructive urinary retention of a non- 
neurogenic etiology. However, since the intro- 
duction of SNS for OAB, there has been growing 
recognition of the potential benefit of SNS for a 
broader range of pelvic disorders that may 
involve some OAB symptoms. Although these 
applications are investigational, research is 
ongoing into the potential use of SNS for inter- 
Stitial cystitis/painful bladder syndrome and 
neurogenic voiding dysfunction among others. 

It is important to remember that patients with 
neurologic disease were excluded from the ini- 
tial industry-sponsored trials and subsequent 
follow-up studies. There is some evidence for 
patients benefiting from SNS, particularly for 
early intervention for patients with spinal cord 
injury, but SNS has not been studied in a system- 
atic fashion for these applications [13]. One 
major practical limitation of SNS for neurologic 
disorders is the need of many of these patients to 
undergo MRI studies. 

Terminology is evolving for the condition 
known as interstitial cystitis/painful bladder syn- 
drome, and the diagnosis is certainly applied to 
many patients with severe urgency and frequency 
and minimal pelvic pain. Urinary symptoms in 
these patients may respond better to SNS than do 
pain symptoms [14]. Multiple small series have 
demonstrated short-term efficacy. The highest 
response rates were reported by Comiter for care- 
fully selected patients who underwent a success- 
ful period of test stimulation [15]. In this study, 
only 27 of 39 patients progressed from test stimu- 
lation to permanent implantation, but the rate of 
success was 94 % among those patients under- 
going permanent implantation. A recent series by 
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Powell with an average of 59.9-month follow-up 
had a low rate of loss of benefit over time for 
patients who underwent a test stimulation before 
implantation. However, 50 % of patients under- 
went explantation due to technical reasons, infec- 
tion, battery depletion, or pain at the implantation 
site [16]. 


Psychological Considerations 


A history of psychological disorders is common 
among candidates for SNS therapy and can pose a 
challenge for the clinician. While many patients 
will have substantial physical and psychological 
benefit from successful therapy, a history of psy- 
chiatric disorders may influence the rate and dura- 
tion of a successful response to SNS therapy. 

Weil et al. found that patients with a history of 
psychological dysfunction were more likely to 
fail implantation after a successful test procedure 
than patients without such a history (82 % versus 
28 %). Among patients with an initially success- 
ful implantation, the duration of the therapeutic 
effect was shorter for patients with a history of 
psychological disorders (12 versus 36 months) 
[17]. Other publications also have speculated that 
psychological disorders may interfere with the 
patient’s voiding symptoms and, ultimately, the 
patient’s response to therapy. 

Conversely, voiding symptoms impose a clear 
burden on quality of life and may contribute to 
the presence or severity of psychological or men- 
tal disorders. The MDT-103 trial demonstrated a 
clear benefit in terms of depression and health- 
related quality of life after SNS therapy. Of the 
89 patients in the trial, 73 % had some degree of 
depression at baseline. Patients assigned to direct 
implantation showed significant improvement in 
the Beck Depression Index after SNS therapy at 
3, 6, and 12 months after starting therapy, while 
patients in the delayed group showed a slight 
worsening of depression symptoms [18]. 

These data suggest that significant psycholog- 
ical benefit may be gained from successful SNS 
therapy. However, in some cases, such as when 
there is concern that preexisting psychological 
disorders may interfere with response to therapy, 
a psychiatric evaluation may be warranted. 
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Test Procedure 


A test procedure provides a short-term trial of 
SNS and is important to patient selection before 
permanent implantation of an implantable pulse 
generator (IPG). The response during the test 
period can be used to select the optimal lead posi- 
tion (left versus right, S3 versus S4) and establish 
patient expectations for symptomatic improve- 
ment. The test procedure can be performed in the 
office, ambulatory-surgery unit, or operating 
room, and lets the patient and physician decide 
whether the benefits of permanent implantation 
are worth the risk and costs of the therapy. 

The patient performs a 2- to 3-day voiding 
diary before the test procedure. In the test proce- 
dure one or more leads are placed into the sacral 
foramina based on the appropriate neural response 
(discussed later). When planning for a “one- 
stage” SNS placement, temporary insulated wires 
are placed in the office setting. In the “two-stage” 
procedure, permanent quadripolar tined leads are 
placed in the ambulatory-surgery unit or the oper- 
ating room. The test period lasts for a few days up 
to 1 week for temporary and 2 weeks for perma- 
nent leads. In both cases, the wires are attached to 
an external stimulator. The patient maintains 
stimulation at a comfortable level (it should not be 
painful) and completes a voiding diary in order to 
provide objective data while undergoing neuro- 
modulation. Based on the patient’s subjective 
experience and the objective data obtained 
through the voiding diary, a final decision is made 
to proceed or not proceed with permanent 
implantation. Usually, the patient needs to exhibit 
significant subjective improvement, and the void- 
ing diary should show at least 50 % improvement 
in voiding parameters to warrant proceeding to 
implantation of the IPG. 


Test Procedure with Temporary Leads 


The office-based test procedure sometimes is 
referred to as percutaneous nerve evaluation 
(PNE). While the pioneers of SNS performed 
this test procedure without fluoroscopy, most 
practitioners perform it under straight local 
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anesthesia under fluoroscopic guidance. The 
patient is placed in the prone position with one or 
two pillows under the lower abdomen to improve 
the sacral approach. The sacrum is prepped with 
antiseptic solution and the sacral notches and 
coccygeal drop-off are identified by palpation or 
fluoroscopy. S3 usually is located 1.5-2 cm lat- 
eral to the midline at the level of the sacral 
notches, or about 9 cm above the coccygeal drop- 
off. Local anesthesia is achieved from S2 to S4 
over the underlying skin and subcutaneous tissue, 
making certain not to enter the foramen. 

Utilizing the previously mentioned landmarks 
and fluoroscopic guidance, primarily with lateral 
imaging, insulated foramen needles are placed 
percutaneously in the S3 and S4 foramen, and the 
sensory and motor responses are identified. Once 
the appropriate responses have been obtained, an 
insulated wire is placed through the 18-gauge 
needle in the foramen and the needle is removed. 
These temporary wires are inexpensive and easy 
to place. For patients without a clear optimal site 
of lead placement, two or more such wires can be 
taped in place and attached to an external stimu- 
lator. The patient is taught how to adjust for opti- 
mal results and can try out left and right sides or 
S3 and S4 and decide on the best response. 
Bilateral test stimulation may be helpful for some 
patients who fail an initial trial with unilateral 
placement [19]. 


Test Procedure with Permanent Leads 
for Two-Stage SNS 


In equivocal cases, or if the insulated wires move, 
a trial can be carried out with a quadripolar tined 
lead. The initial procedure is similar to the test 
stimulation described but cannot be performed in 
the office setting. Broad spectrum antibiotics are 
given, and adequate monitored anesthesia care is 
obtained. Once the needles have been placed in 
the appropriate foramen and the motor and sen- 
sory responses have been obtained, a decision is 
made to use the best responses. The needle’s sty- 
let is removed, a guide wire is inserted, and the 
tract is dilated over the guide wire under 
fluoroscopic guidance once the needle has been 
removed. The sheath from the dilating apparatus 
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is then left in place; the tined lead (so called as it 
has tines that hold it in place) is inserted and the 
position optimized by checking for neural 
responses. The sheath then is removed, and the 
tines hold the lead in place. The tined lead now is 
tunneled to the location of the eventual IPG, 
where it is connected to an externalizing wire, 
and then another tunnel is created to externalize 
the connection and to prevent infection. 


Neural Response 


Intraoperative motor and sensory neural 
responses guide lead positioning during the test 
stimulation. Sensory responses generally include 
a tingling, pulling, or vibratory sensation in the 
vagina and rectum in women and in the scrotum, 
phallus, and rectum in men. Motor responses 
include levator tightening (bellows response) and 
plantar flexion of the big toe. Sometimes at S3, a 
plantar flexion of the entire foot is noted. In such 
cases, S4 may be the more appropriate foramen, 
as most patients are significantly bothered by 
such a foot response. 

An intraoperative motor response during the 
test procedure generally is considered to be more 
predictive of success after IPG implantation than 
a sensory response. Cohen et al. followed 35 
patients, of which 21 progressed to permanent 
IPG implantation after a test procedure using 
quadripolar tined leads. A positive motor 
response was observed in 95 % of those progress- 
ing to permanent implantation versus only 21.4 % 
of patients who failed the test procedure. Patients 
with a positive sensory response in the absence of 
a motor response had only a 4.7 % chance of hav- 
ing a positive result after implantation [20]. 
Another recent study examined the role of sen- 
sory testing in patients with both OAB and pain 
symptoms, a group that might be expected to 
benefit from sensory testing. There was no differ- 
ence in the rate of symptomatic improvement or 
explantation for patients who did or did not have 
sensory testing [21]. 

While intraoperative motor responses are the 
primary neural responses used to locate the ideal 
site of electrode implantation, neuromodulation 
is usually applied at a level below that needed to 
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stimulate a motor response. The patient may use 
sensory perception to stimulation as an indicator 
of continued neuromodulation. Loss of sensory 
perception after implantation may herald a loss in 
benefit from neurostimulation. 


Permanent Versus Temporary-Lead 
Test Procedure 


Before the development of a test procedure with 
permanent quadripolar leads, use of a temporary 
lead was the only means for patient selection for 
SNS. The test procedure itself is considered safe, 
and complications at the pre-implantation stage 
are rare. However, lead migration and the risk of 
infection limit the trial period to about 1 week. 
Lead migration often presents with pain and 
decreased efficacy and occurs at a rate of about 
10-15 %. In a series by Siegel et al. the rate of 
temporary-lead migration was 11.8 % of 918 test 
stimulations. Other complications reported were 
pain in 2.1 % and technical problems in 2.6 % 
[22]. Short-term failure rates of up to 27 % have 
been reported for IPG implantation after success- 
ful temporary-lead placement [23]. It is not clear 
if these failures are due to lead migration, an 
inadequate test period, or other reasons. 

Since the introduction of permanent quadripo- 
lar tined leads for test stimulation in 1997, mul- 
tiple groups have published on the successful use 
of these leads. Today, most physicians in the 
United States perform a test procedure with these 
leads. One advantage of the quadripolar-lead test 
procedure is that the same responses should be 
obtained once the external neurostimulator is 
replaced by the permanent IPG because the lead- 
nerve interface does not change. The tined lead 
rarely migrates, and thus a 1- to 2-week or longer 
trial can easily be done. 

A prospective trial by Everaert et al. [24] ran- 
domized 41 patients who had a successful trial 
procedure with temporary leads to either direct 
(one-stage) IPG implantation or undergo a test 
procedure with tined leads before implantation 
(two-stage). Patients in the two-stage group 
worse an external pulse generator for 3—5 weeks 
until there was a greater than 50 % improvement 
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in urinary symptoms. All patients in this group 
progressed to IPG implantation. At 24 months of 
follow-up, patients who underwent a two-stage 
procedure had a lower rate of failure compared to 
the patients who had undergone a single-stage 
procedure (14 % versus 33 %). This study sug- 
gests that temporary-lead test stimulation may 
have a significant false-positive rate, although it 
is interesting to note that all patients in the two- 
stage group eventually progressed to IPG 
implantation. 

There is some evidence that there also may be 
a significant false-negative rate with a temporary- 
lead test procedure. Temporary leads are likely to 
migrate during such a long test procedure and 
only quadripolar tined leads can be used for a 
longer test period. Van Voskuilen et al. reported 
an 80 % rate for a successful test procedure with 
quadripolar leads, which is considerably higher 
than published rates for successful test proce- 
dures with temporary leads [25]. There may be a 
significant number of false-negative test proce- 
dures with temporary leads due to undetected 
lead migration or insufficient length of the test 
period. Kessler et al. demonstrated the predictive 
benefit of a prolonged testing period. In a retro- 
spective study of 20 patients (13 with urgency/ 
frequency or urge incontinence), an increase in 
the testing period from 4 to 7 days to a minimum 
of 14 days increased the rate of eligibility for IPG 
implantation from 50 to 80 % (p=0.031) [24]. 

While a longer test period may increase 
patient eligibility for neurostimulation, patients 
screened by either method have similar long-term 
outcomes. Hundred patients underwent either 
temporary or permanent lead placement and pro- 
ceeded to implantation only after a 50 % reduc- 
tion in symptoms during the test period. The rate 
of progression to implantation was higher for 
patients who had permanent leads placed (69 % 
versus 47 %). However, there was no difference 
in the rate of failure after implementation. 
Patients who were screened using either test 
procedure had about a 2 % rate of failure over 
2-year follow-up [26]. While this study included 
both patients with OAB symptoms and urinary 
retention, it suggests that the method of test 
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stimulation does not affect long-term outcomes 
after implantation. 

Rarely, lead migration may occur with tined 
leads for particularly thin patients, either before 
or after IPG implantation. Overall, lead migra- 
tion after implantation occurred for 16 % of 
patients in Brazelli’s [6] review of SNS trials. 
Hijaz and Vasavada suggested that the risk of 
lead migration after IPG implantation may be 
reduced but not eliminated when tined leads are 
used during the test procedure [27]. Infection is 
an additional risk of longer trial periods with 
tined leads due to the percutaneous passage of an 
extension wire to an external neurostimulator. 
Huyler et al. performed a microbiologic exami- 
nation of explanted tined leads from 20 patients 
who underwent an unsuccessful test period for 2 
weeks or longer and identified Staphylococcus 
species growth in four patients. However, these 
bacteria were susceptible to perioperative antibi- 
otics and only one of these patients had clinical 
signs of infection [28]. Similarly, a review of 
complications in series of 44 patients undergoing 
a test procedure for at least 14 days identified one 
case of lead migration, one patient who required 
revision for pain, and no cases of infection [29]. 
Overall, these reports suggest a complication rate 
for a prolonged testing period comparable to a 
shorter period with temporary leads. 


Implantation Procedure 


After successful test stimulation, patients may be 
considered for IPG implantation after being 
counseled on the risks and benefits. The foresee- 
able need for an MRI is a contraindication to IPG 
implantation. The risks of the neurostimulator to 
a fetus are unknown and patients who are or may 
become pregnant should consider delaying ther- 
apy or choosing alternative therapies. The cur- 
rently available neurostimulator is the InterStim® 
device manufactured by Medtronic, Inc. with a 
battery life of 6-10 years depending on the set- 
tings. Medtronic recently introduced the 
InterStim I, which received regulatory approval 
in both the United States and Europe in 2006. 
The new version is smaller in volume and lighter 
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and does not require an extension cable to connect 
to the tined leads [30]. The implantation proce- 
dure itself is for the most part unchanged. 

The procedure is performed under general 
anesthesia using short-acting or nonparalytic 
anesthetic agents. Perioperative prophylactic 
broad-spectrum antibiotics are provided and 
strict antiseptic precautions are maintained. The 
patient is positioned prone and prepped with 
multiple layers of providone-iodine, and a mid- 
line sacral incision is made. The incision is car- 
ried down to the level of the lumbodorsal fascia 
and this is opened sharply about 1.5 cm from the 
midline. The underlying paravertebral muscles 
are separated or divided, and the sacral perios- 
teum is identified. The sacral foramen can be pal- 
pated as dimples or a marbling effect on the 
sacral surface. An insulated needle is placed into 
the appropriate foramen as determined during the 
test period. Neural responses are evaluated as dis- 
cussed earlier until the appropriate foramen is 
located. 

A quadripolar tined lead is placed in the fora- 
men and secured in place by suturing the fixed col- 
lar on the lead to the periosteum. Neural motor 
responses are again tested and excellent motor 
responses in the form of levator bellows and big 
toe movement should be obtained in at least three 
of the four leads. A second incision is then made 
over the upper buttock 3—5 cm below with superior 
posterior iliac crest. This position should be 
planned so as to minimize the risk of discomfort 
with sitting and daily activities. For the original 
InterStim® model, a tunneling tool is used to trans- 
fer the free end of the lead to the buttock incision. 
Using a short 10-cm connecting lead, the appropri- 
ate connections are now made between the exten- 
sion lead and the stimulating quadripolar lead and 
between the connecting lead and the IPG. In the 
InterStim II® model, the neurostimulator is directly 
connected to the tined lead. For both models, the 
incisions are closed in layers generally without 
drain placement. A confirmatory radiograph is 
obtained. The patient is discharged home usually 
within 23 h and returns 1 week later for activation 
of the neurostimulator. 

In some cases, buttock placement of the IPG is 
not possible due to previous infection, sacral 
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wounds, or other reasons. Alternatively, the IPG 
can be placed in the anterior abdomen either 
subcutaneously or under the rectus for very thin 
patients. While this procedure is similar, a much 
longer 50-cm extension lead is used. The tech- 
nique is described in detail by Siegel et al. [31]. 
The neurostimulator may be controlled using an 
external programmer allowing adjustment of the 
amplitude of stimulation within a defined range. 
The patient should set the amplitude to a com- 
fortable level. Periodic adjustments can be per- 
formed as needed. 

Most physicians use this implantation proce- 
dure with only small variations in technique, but 
some variations such as bilateral SNS and the use 
of guarded cuff electrodes deserve further atten- 
tion. Guarded cuff electrodes have the potential 
to maintain a fixed distance between electrode 
and nerve root and prevent any lead movement. 
Because implantation requires a sacral laminec- 
tomy and there is limited availability of guarded 
cuff electrodes this procedure is rarely done in 
the United States. 

In some patients, bilateral temporary leads as 
part of a test procedure may be helpful in identi- 
fying the lead placement with the optimal 
response, particularly for patients who fail a uni- 
lateral test procedure [32]. However, the value of 
continued bilateral stimulation and bilateral IPG 
implantation remains unclear. Kaufmann et al. 
studied the value of bilateral stimulation in a 
porcine model of OAB by inducing detrusor 
hyperactivity using formalin. Bilateral stimula- 
tion in this model appeared to increase the chance 
of stimulating the relevant fibers over a unilateral 
approach [33]. The clinical relevance of this study 
is unclear and there is little clinical evidence of 
any advantage to bilateral over unilateral IPG 
placement. 

The IPG produces a square waveform and can 
be set to various pulse rates (2.1—130 Hz), ampli- 
tudes (0.005-10.55 V), and pulse widths (60-— 
450 us). An initial pulse rate can be determined 
during the test period and adjusted after implan- 
tation to obtain the appropriate response. Urethral 
closure pressure studies suggest an initial pulse 
rate of 10 and 16 Hz [34]. Natural stimuli of C 
fibers, Ad fibers, and AB fibers occur at different 
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pulse rates, suggesting that different pulse rates 
may lead to different clinical outcomes [35]. 
While a study of pulse rate changes did not result 
in better clinical outcomes on average for a cohort 
of patients with suboptimal responses to SNS, 
individual patients did benefit from changes in 
pulse rate [36]. 


Cost Considerations 


SNS is associated with high initial treatment costs 
due to device costs, costs related to the test proce- 
dure, and operating room and anesthesia costs for 
implantation. A recent study by Wantanabe and 
colleagues estimated that these initial costs 
amounted $22,226 [37]. Treatment failures, while 
uncommon, involve additional cost for explanta- 
tion, usually done in the operating room under 
local or general anesthesia. These high costs, 
particularly in the current economic environ- 
ment, require that both patient and provider care- 
fully consider the costs of treatment before 
proceeding. 

One important question is whether the 
increased costs of the use of permanent leads, in 
the so-called two-stage procedure, justify the 
potentially lower risk of treatment failure after 
implantation. While permanent leads cost about 
$2,000 each, the cumulative difference in cost 
between a test procedure with permanent and 
temporary leads also depends heavily on opera- 
tive costs, which vary in different health care 
environments. In the randomized trial by Everaert 
et al. costs per patient were about €2,000 higher 
for patients undergoing a two-stage versus a one- 
stage procedure [25]. To our knowledge, no 
cost-benefit analysis has yet demonstrated an 
advantage for a two-stage procedure due to a 
lower rate of treatment failure. 

A few studies have examined the costs of SNS 
versus comparable treatments for anticholinergic 
refractory OAB symptoms. Not surprisingly, 
the initial costs of SNS exceed initial costs for 
intra-detrussor botox and augmentation cysto- 
plasty. In the cost-analysis by Wantanabe et al. 
SNS therapy remained the most expensive form 
of therapy after 3 years with cumulative costs of 
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$26,269 versus $7,651 for intra-detrussor Botox 
and $14,377 for augmentation cystoplasty. 

Leong et al. developed a Markov decision 
model with either SNS or botox therapy as treat- 
ment options to determine cost-effectiveness of 
each therapy. In the model where both procedures 
are done under general anesthesia, SNS achieved 
cost-effectiveness (defined as under €40,000 per 
QALY) over botox after 4 years. Interestingly, 
SNS was no longer cost-effective if a test proce- 
dure or two-stage procedure was used [38]. In a 
similar Markov model using the US cost data, the 
societal costs of SNS over botox exceeded 
$100,000 per QALY at 2 years of therapy [39]. 
These studies have significant limitations includ- 
ing the lack of long-term efficacy data for both 
therapies, but overall these studies suggest that 
SNS must have excellent long-term efficacy in 
order to justify high initial costs. 


Outcomes 


A recent review of the initial RCTs of SNS for 
urgency/frequency and urge incontinence and 
multiple subsequent observational studies 
reported an initial response rate of between 64 
and 88 % of all patients [38]. A similar repose 
rate of 80 % was found in a review by Brazelli 
et al. defined by either 90 % continence or a 50 % 
improvement in their urge incontinence symp- 
toms after SNS [6]. Recent follow-up data dem- 
onstrate a durable response. These data for 121 
patients showed a persistent response at 5 years 
after initial 1-year success for 84 % of patient 
with urge incontinence and 71 % with urgency/ 
frequency [40]. A successful clinical response is 
defined as a greater than 50 % response in 
urgency, frequency (or normalization), or urge 
incontinence. 

Three prospective randomized trials of SNS 
for urgency/frequency or urge incontinence merit 
mention. A study by Schmidt et al. enrolled 155 
patients from 16 international centers with urge 
incontinence refractory to medications and 
without pelvic pain or known neurologic condi- 
tions. All patients underwent a test period of 3-7 
days and 98 patients had a greater than 50 % 
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improvement in their symptoms. These patients 
were randomized to undergo either immediate 
IPG implantation or delayed implantation after 6 
months of medical therapy. After 6 months of 
SNS for the immediate implantation group, 47 % 
of patients were completely dry and 29 % had a 
greater than 50 % reduction in incontinence with 
efficacy retained at 18 months of follow-up. 
Urodynamic parameters improved for the immedi- 
ate versus delayed implantation group at 6 months 
with a higher percentage demonstrating stable 
detrusor function (56 % versus 16 %; p=0.014). 
For all patients, 32.5 % underwent surgical 
revision for generator or implant site pain or lead 
migration [10]. 

A second trial on SNS for urge incontinence 
randomized 44 patients to SNS or medical man- 
agement with an average reduction of 88 % in 
episodes of incontinence and 90 % in leakage 
severity. 56 % of implant patients versus 4 % of 
controls had complete resolution of incontinence 
and urodynamics demonstrated by roughly qua- 
drupling the volume at first contraction. Based on 
long-term follow-up, the 3-year actuarial estimate 
for treatment failure was 32.4 % [41]. 

The effectiveness of SNS for urgency/fre- 
quency was evaluated in a later multicenter trial 
that randomized 51 patients after a successful test 
stimulation to immediate InterStim® implanta- 
tion or a control group. In the treatment group, 
56 % of patients achieved either a 50 % reduction 
in symptoms or less than 7 voids per day. Eight 
percentage of patients had no improvement in 
voiding symptoms at all. After 6 months, voiding 
diary, quality of life, and urodynamic parameters 
were significantly improved on average in the 
implant group versus no improvement in the con- 
trol group. After 6 months of therapy the neuro- 
stimulator was turned off and symptoms returned 
to baseline [42]. 

A few studies have attempted to identify fac- 
tors that predict success or failure of SNS. 
Amundsen et al. prospectively evaluated patients 
with medication refractory urge incontinence 
who underwent SNS with a mean follow-up of 29 
months. Cure, as defined by no resolution of 
daily incontinence, was associated with age less 
than 55 and lack of comorbidities. Patients above 
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75 years of age had less than a 30 % cure compared 
to over 80 % of patients under 45. No patients 
with three or more comorbidities were cured. 
However, it should be noted that some patients in 
the study had known neurologic comorbidities, 
unlike the patients in the previously mentioned 
clinical trials [43]. Along these lines, another 
study of patients who failed sacral neuromodula- 
tion found that many such patients had some 
degree of pudendal neuropathy [44]. 


Algorithm for Management 
of OAB with SNS 


There are multiple acceptable algorithms for 
management of patients considered for manage- 
ment of OAB. Optimal management is patient 
specific. We present our standard algorithm here. 

All patients considered for SNS must have a 
complete history and physical examination, 
including a genital, rectal, and neurological 
examination. These patients should perform 
accurate voiding diaries and undergo urodynamic 
studies to confirm the diagnosis and ascertain 
whether they are suitable candidates. These 
patients should have failed or could not tolerate 
more conservative therapies such as behavioral 
modification or appropriate medication. 

All patients initially undergo a test stimulation 
with temporary leads placed in the office. 
Temporary wires are tested bilaterally at S3 or at 
S3 and S4 (if there is significant foot flexion at 
S3) looking for the best sensory and motor 
responses as described earlier. The temporary 
lead is left in at least two separate foramina and 
sometimes more; it is rare for us to leave only one 
wire. A voiding diary is kept for 3-5 days. 
Patients with a 50 % improvement in symptoms 
or normalization are considered successful and 
progress to a one-stage procedure. As discussed 
above, the permanent quadripolar lead and the 
IPG then are implanted in the same setting. 

If the results of the test are equivocal or if 
there is suspicion of lead migration during the test 
procedure, we proceed to a two-stage procedure. 
A quadripolar lead is implanted in the operating 
room in the first stage and the patient will wear an 
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external generator and maintain a voiding diary 
for 2 weeks. At this point, if there is greater than 
50 % improvement in symptoms, we proceed to 
IPG implantation. 

Patients may return with recurrent symptoms. 
In this case, reprogramming of the device is the 
first step in troubleshooting the generator. First, 
we cycle through each of the setting levels to see 
if the patient regains the target sensation. Next, 
pulse width and amplitude are varied. If there is 
no success, the patient may need revision with 
repeat lead placement in the operating room. 


Case Study 


Returning to the case study presented earlier, the 
first patient presented with urgency and fre- 
quency and had hypersensitivity and low capacity. 
She underwent a test placement of temporary 
leads in the office. Under local anesthesia and 
fluoroscopic guidance, wires were placed at the 
left and right S3 foramen. Sensory responses 
were obtained toward the vagina and rectum, and 
there was a good levator response with very slight 
toe flexion. Voiding diary during the 5-day test 
stimulation showed improvement in voided 
volume to 220 mL, with the number of voids 
decreasing to 10 or 11. The patient slept through 
the night with a functional capacity of 320 mL. 
The patient had an overall better response on the 
left side and was implanted on the left with contin- 
ued improvement. At 6 months, voiding function 
was essentially normal, with voided volume per 
void of 250 mL and 8-10 voids daily. The patient 
also thought her constipation was improved, 
although this was just an observation. 

The second patient presented with urge incon- 
tinence not helped with anticholinergics and had 
terminal detrusor overactivity on urodynamics. 
She underwent a trial of office-based test stimu- 
lation. At the S3 level, bilaterally, there is not 
only a levator response but also a strong foot 
response involving all toes. She feels the response 
primarily in the perineum. At S4, she has a leva- 
tor response with no foot or toe response and 
feels the response primarily in the rectum and 
perineum. Wires are left at left S3 and S4 and she 
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responds at both leads, although at S3, the foot 
movement is bothersome for her. She has no large 
volume leakage and has a decrease in small volume 
leakage to 1-2 times daily. She is implanted at left 
S4, and, at 6 months postprocedure, had no large 
volume leakage and rare episodes (2-3 times 
weekly) of a few drops of leakage. 

These cases represent good results obtained 
with SNS with an office-based test procedure fol- 
lowed by permanent lead placement and IPG 
implantation in one stage in the operating room. 
Certainly, there are many patients who either do 
not respond during a test stimulation with either 
temporary or permanent leads, or have a loss of 
efficacy after a successful test stimulation. 
Nonetheless, in this difficult population with 
limited therapeutic choices, SNS is a promising 
therapeutic option once behavior treatments and 
pharmacotherapy have failed. 


Conclusions 


Since approval of SNS for OAB symptoms, the 
procedure has grown in popularity, with multiple 
case series and RCTs demonstrating safety and 
efficacy of the procedure. Given the high cost of 
the procedure, the selection of patients most 
likely to have a sustained benefit is important. 
At this time, few studies have determined factors 
that predict a response to SNS for OAB symp- 
toms. In some cases, the etiology of urinary 
symptoms may not be known. The response rate to 
SNS is unclear for patients with a neurogenic or 
pain component to their symptoms. Previous stud- 
ies on SNS outcomes have focused on patients 
without known neurologic deficits and current 
approval is for urgency/frequency and urge incon- 
tinence of a nonneurogenic etiology. 

A test procedure is helpful in determining the 
optimum site of lead placement in addition to 
screening patients before implantation. Only 
patients who have a successful response with test 
stimulation should progress to implantation of 
the neurostimulator. A test procedure may be per- 
formed either with temporary leads placed in the 
office or with permanent leads placed in the OR. 
There are advantages and disadvantages to either 
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approach. The placement of permanent tined 
leads allows a longer test period but is substan- 
tially more costly. There is some evidence that a 
longer test period may improve patient selection. 
However, patients who proceed to implantation 
after either test stimulation seem to have similar 
long-term outcomes. Further study is needed to 
determine if permanent lead placement is 
cost-effective. 

Overall, the rate of successful resolution of 
urgency/frequency and urge incontinence is high 
with SNS, in terms of patient symptoms, satisfac- 
tion, and urodynamic parameters. Technologic 
advances have led to leads that are less likely to 
change position and smaller neurostimulators. 
Future advancement may better define pulse rate 
and other stimulation parameters that are tailored 
to address an expanding set of indications. 


Disclosure Dr. Anurag Das has received compensation 
for teaching courses, proctoring, and developing teaching 
materials for Medtronic, Inc. 
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The International Continence Society (ICS) 
defines OAB syndrome as urinary urgency with or 
without urge incontinence usually with increased 
daytime frequency and nocturia in the absence of a 
pathologic or metabolic condition [1]. Using this 
definition, recent surveys estimate the prevalence 
of OAB to be 18.6 %, being higher in women 
(26.1 %) than in men (10.7 %). This corresponds 
to 42.2 million adults in the USA having OAB. 
The societal cost of OAB among community 
dwelling adults is estimated to be at least 24.9 
billion per year [2]. 

OAB has a negative impact on quality of life, 
with patients reporting the lowest levels of qual- 
ity of life and work productivity and the highest 
levels of anxiety and depression [3]. Many 
patients have impaired mobility, disturbed sleep, 
impaired domestic function, social isolation, and 
decreased sexual enjoyment [4]. 


Treatment of OAB 


Behavioral therapy should be the first-line treat- 
ment for OAB. Patients are instructed to limit 
fluid intake, eliminate foods like caffeine, alco- 
hol, and medications like diuretics that could 


G. Msangi, M.D. ° K.M. Peters, M.D. (è<) 
Department of Urology, Oakland University, William 
Beaumont School of Medicine, 3535 West 13 Mile 
Road, 438, Royal Oak, MI 48073, USA 

e-mail: kmpeters @beaumont.edu 


exacerbate symptoms. Other measures include 
timed voiding and pelvic floor physical therapy. 
Antimuscarinics are the mainstay of pharmaco- 
logic therapy. These drugs are effective in blocking 
muscarinic receptors but their action is not bladder- 
specific. Within 12 months, the majority of patients 
discontinue their antimuscarinic drug due to their 
cost, insufficient symptom relief, and significant 
side effects [5]. If behavioral and pharmacologic 
methods fail to resolve the OAB symptoms, 
neuromodulation is the next logical step. 


Neuromodulation 
Concept of Neuromodulation 


Neuromodulation is the electrical or chemical 
modulation of a nerve to influence the physio- 
logic behavior of an organ. Tanagho et al. in 
1989 pioneered the initial investigations into 
electrical stimulation for neuromodulation [6]. 
Neuromodulation has become an important tool 
in the treatment of bladder dysfunction. 
Neuromodulation has been avidly embraced for 
the treatment of OAB primarily when noninva- 
sive therapies such as behavioral modification, 
pelvic floor rehabilitation, and pharmacological 
therapy have failed. In the past once these nonin- 
vasive therapies were exhausted surgical proce- 
dures such as augmentation enterocystoplasty, 
detrusor myomectomy, bladder denervation, and 
urinary diversion were often employed to treat 
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OAB and resulted in significant perioperative and 
long-term morbidity [7]. Neuromodulation offers 
a minimally invasive, nonsurgical and reversible 
means to treat voiding dysfunction. Sacral neu- 
romodulation has been FDA approved for over 
13 years to treat urinary urgency, frequency, 
urge incontinence, and non-obstructive urinary 
retention. 


Neuromodulation of the Posterior 
Tibial Nerve 


The posterior tibial nerve is a peripheral mixed 
sensory—motor nerve that originates from spinal 
roots L4 through S3, which also contribute 
directly to sensory and motor control of the uri- 
nary bladder and pelvic floor. Stimulation of the 
posterior tibial nerve was pioneered by Stoller 
and colleagues with the introduction of the 
stoller afferent nerve stimulator (SANS) which 
delivers electrical stimulation to the posterior 
tibial nerve via a 34-gauge needle just cephalad to 
the medial malleolus [8]. Multiple studies have 
demonstrated that posterior tibial nerve stimula- 
tion shows some efficacy in treating symptoms of 
OAB and altering urodynamic findings in patients 
with OAB [9, 10]. Stimulation of the nerve inhib- 
its bladder activity by depolarizing somatic sacral 
and lumbar afferent fibers. Afferent stimulation 
provides central inhibition of the preganglionic 
bladder motor neurons through a direct route in 
the sacral cord [11]. 

Tibial nerve stimulation was first described in 
1983. McGuire and colleagues showed efficacy in 
the treatment of a variety of voiding dysfunctions 
related to detrusor overactivity (DO) by electrical 
stimulation of the tibial nerve. His group reported 
on 16 patients with involuntary bladder contrac- 
tions of varying etiology who were treated with 
common peroneal or posterior tibial nerve patch 
electrode stimulation. Twelve patients initially 
were dry, three were improved, and one was 
“possibly improved.” Okada and coworkers 
reported a positive experience with transcutane- 
ous stimulation of the thigh muscle in 19 patients 
with detrusor overactivity; the maximal cysto- 
metric capacity was increased by 57 % in 11 of 
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19 patients [12, 13]. Vereecker and associates 
[14], however, were unable to suppress hyperac- 
tivity by this method in patients with suprasacral 
spinal cord injury or disease [14]. 

More recently, Vandoninck et al. in 2004 
reported on their outcomes in 39 patients with 
chronic voiding dysfunction who were treated 
with tibial nerve stimulation. All patients had 
detrusor overactivity with elevated post-void 
residual urine or complete urinary retention; each 
patient performed  self-catheterization. Each 
patient underwent 12 weekly tibial nerve stimu- 
lations at the medial malleolus for 30 min. The 
primary outcome was measured as total voided 
volume along with total catheterized volume. In 
41 % of the patients, 24-h catheterized volume 
was reduced by 50 %. An additional 26 % noted 
25-50 % reduction in their residuals. After the 
study, 59 % chose to continue treatment. 
Urodynamic testing was also performed. While 
patients’ cystometric capacity remained the 
same, detrusor pressure at maximum flow 
increased from 25 to 33 cm H,O, a statistically 
significant difference. In addition, both the blad- 
der contractility index (BCI= Piet X Qmax + 5X Qmax) 
as well as the bladder voiding efficiency 
(BVE= 100 x (voided volume/total bladder capac- 
ity)) showed statistically significant increases. 
Detrusor overactivity did exist in five patients at 
baseline. After stimulation, DO continued in three 
patients, disappeared in two and appeared de novo 
in seven patients. No significant side effects were 
reported [15]. 

Van Balken et al. reported on their treatment 
of patients with bladder overactivity as well 
as idiopathic urinary retention. In 37 patients 
with overactive bladder, 22 reported subjective 
improvement and requested continuation of ther- 
apy. However, all 37 showed significant improve- 
ment in day and night voiding frequency. In 30 
urge incontinent patients, all 30 showed reduc- 
tion in their incontinent episodes, pad use, and 
severity of leakage. Finally, for 12 patients with 
idiopathic urinary retention, a decrease in num- 
ber and volume of catheterization was reported, 
but this did not reach statistical significance. 
They concluded that percutaneous tibial nerve 
stimulation is a promising, cost-effective, and 
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easily applicable treatment for lower urinary tract 
dysfunction [10]. 

Ruiz and colleagues from Spain reported on 
51 patients treated over 3 years for similar symp- 
tom complexes. Twenty-six patients described 
the frequency—urgency syndrome, 22 described 
urge incontinence and 3 carried a diagnosis of 
interstitial cystitis. Patients underwent 10, 30-min 
sessions wherein the tibial nerve was stimulated 
using a similar technique as in prior articles. 
Mean follow up was 21 months. Across the entire 
patient population, they reported statistically sig- 
nificant improvement in all seven categories 
measured: daytime frequency, daytime voided 
volume, daytime leakage episodes, nighttime 
frequency, nighttime leakage episodes, night- 
time voided volume, and hypogastric/suprapubic 
pain [16]. 

Posterior tibial nerve stimulation was also 
evaluated in the acute setting by Amarenco et al. 
in 2003 [11]. They studied 44 patients with irrita- 
tive lower urinary tract symptoms, including 
uninhibited detrusor contractions as seen on fill- 
ing cystometrogram. The etiology was demon- 
strable in 37 patients, including multiple sclerosis, 
spinal cord injury, brain injury, and Parkinson’s 
disease; the remaining seven patients had idio- 
pathic detrusor overactivity. Cystometry was 
performed at a rate of 50 cc/min using an 8 french 
catheter. Patients were filled until they experi- 
enced uninhibited bladder contractions, leakage 
was observed or if they achieved a volume of 
400 cc. CMG was performed again after poste- 
rior tibial nerve stimulation was initiated. A posi- 
tive test consisted of an increase in the bladder 
volume at which a contraction occurred of 100 cc 
or greater, or if that involuntary contraction 
occurred at a bladder volume that was 50 % 
greater than baseline. Twenty-two of 44 (50 %) 
cases tested positive. Further urodynamic data was 
collected. Mean bladder volume that the first invol- 
untary contraction occurred was 162 cc at baseline, 
and increased to 232 cc after stimulation. Maximum 
cystometric capacity was 221 cc at baseline and 
increased to 277 cc after stimulation. 

Finally, posterior tibial nerve stimulation has 
been applied to the interstitial cystitis population, 
a subset of patients with voiding dysfunction. Zhao 
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and Nordling applied posterior tibial nerve stim- 
ulation to 14 patients diagnosed with IC. Patients 
were treated during a total of 10, 30-min ses- 
sions. One patient withdrew from the study, leav- 
ing 13 patients who completed the course of 
therapy. The results did not meet clinical signifi- 
cance in pain, voided volume, and quality of life 
scores [17]. 

The lure of the tibial nerve is that it is easily 
accessible without requiring an operating room 
or an anesthetic. As with all novel techniques, the 
data was initially anecdotal and non-randomized. 
Studies with modest numbers have shown effi- 
cacy. One of the most significant studies was the 
OrBIT trial comparing PTNS versus tolterodine. 
This was a multicenter study where a total of 100 
adult patients with OAB symptoms were ran- 
domized 1:1 to either PTNS or tolterodine ther- 
apy. PTNS arm patients received 30 min weekly 
treatments for 12 consecutive weeks while the 
pharmacotherapy patient arm received 4 mg 
Tolterodine-ER daily (decreased to 2 mg if intol- 
erability was experienced) for 12 weeks. Two- 
day voiding diaries were collected at baseline and 
at study end. The primary end point was to com- 
pare whether PTNS was better than tolterodine at 
reducing the frequency of urinary voids per day 
after 12 weeks of therapy. Secondary endpoints 
included change in urge incontinence episodes per 
24 h, number of voids causing waking, volume 
voided per day as well as number of urgency epi- 
sodes per day. Subject and investigator ratings of 
improvement in OAB symptoms were assessed. 
Adverse reactions were also monitored. 


Results 

79.5 % of PTNS patients compared to 54.8 % 
of tolterodine patients considered themselves 
improved or cured. This was paralleled to investi- 
gator assessment showing improvement or cure in 
79.5 % of PTNS patients versus 60.5 % of toltero- 
dine patients. Each group showed significant 
improvement in all OAB symptoms from baseline 
to 12 weeks but when compared between groups, 
there was no significant difference. The improve- 
ments were seen in more PTNS patients than in 
tolterodine patients even though there was no 
statistical significance [18]. 
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Effects of PTNS are long term. In the phase 
II OrBIT trial which looked at long-term effects 
of PTNS, study subjects continued to receive 
periodic PTNS treatments. At 6 and 12 months, 
there was still significant improvement in uri- 
nary frequency, urge incontinence, nocturia, and 
voided volume. Both patients and investigators 
classified OAB symptoms as improved. 
Treatment intervals were tapered during this 
long-term follow-up period with a mean of 21 
days between treatments. PTNS treatment fre- 
quency can be individualized according to 
patients’ response which would allow for better 
compliance [19]. 


Sham-Controlled Data 

The placebo effect on patients with OAB cannot 
be ignored, with placebo-controlled drug trials 
showing a placebo effect as high as 64 % for 
some incontinence symptoms [20]. Effects of 
PTNS have been shown to be not due to placebo 
effect. First a sham was designed and validated 
[21] and then subsequently used in a multicenter, 
double-blind, randomized trial that provided 
level one evidence to the safety and efficacy of 
PTNS. The SumiT trial had 220 adults with OAB 
randomized 1:1-12 weeks of treatment with 
weekly PTNS or sham. In this study 54.5 % of 
the PTNS subjects showed moderately or mark- 
edly improvement in bladder symptoms com- 
pared to 20.9 % of the sham which was 
statistically different. Urinary frequency, night- 
time voids, moderate to severe urgency, and urge 
incontinence episodes all improved significantly 
compared to sham [22]. A smaller prospective 
double-blind placebo-controlled trial had 35 
female patients 17 receiving PTNS while 18 had 
a sham. Seventy-one percentage of the PTNS 
showed greater than 50 % reduction in urge 
incontinence episodes while O in the placebo 
group responded [23]. 

PTNS offers a significant new modality for 
management of this debilitating condition; it pro- 
vides an option for patients who are refractory to 
drugs, is less invasive and costly than SNS, and is 
clinically and cost-effective when considering 
the alternatives within the current algorithm of 
practice. 
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Patient Selection 


Patients with bothersome symptoms of OAB who 
have not responded or could not tolerate behav- 
ioral or pharmacologic therapy should be consid- 
ered for PTNS. Baseline voiding diaries 
evaluating urinary urgency, frequency, voided 
volume, and urge incontinent episodes should be 
completed. Urodynamic evaluation would be at 
the discretion of the clinician. 


Technique 


Patients are placed in the sitting position with 
their leg elevated (Fig. 14.1). The medial aspect of 
the foot is inspected. The needle insertion site is 
palpated about 5 cm cephalad to the medial mal- 
leolus between the posterior margin of the tibia 
and the soleus muscle (Fig. 14.2). A 34-gauge 
needle electrode is inserted at a 60° angle cepha- 
lad, about 3—4 cm deep to the tibial nerve 
(Fig. 14.3). A self-adhesive grounding pad is 
placed on the lower foot and the grounding pad 
and hook electrode are connected to the stimula- 
tor (Urgent® PC, Uroplasty, Minneapolis MN). 
The hook electrode is attached to the needle 
(Fig. 14.4). Current is slowly increased from 0 to 
10 mA while assessing sensory and motor 
responses. If the needle is correctly placed, patient 
will experience flexion of the toes and sensory 
stimulation of the bottom of the foot. If this does 


Fig. 14.1 Patient positioning 
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Fig. 14.2 Palpation of needle insertion site 


Fig.14.4 Connection of the stimulator 
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not happen, the needle is advanced or withdrawn 
until it is confirmed to be in the correct position. 
The electrical current is set at an intensity that is 
well tolerated. A 30-min stimulation session is 
given at 20 Hz with a 200 us fixed pulse width. 
After treatment, the needle and grounding pad 
are removed and disposed. 


Treatment Interval 


Patients return weekly for 12 weeks to obtain a 
30-min treatment session. If at the end of 12 
treatments there has been a documented signifi- 
cant improvement in symptoms, the patient 
returns once per month for a maintenance treatment. 
The treatment interval can be tailored to the 
patient’s clinical response. 


Contraindication and Complications 
of Tibial Nerve Stimulation 


Tibial nerve stimulation is very safe. A few 
patients may complain of pain at the needle punc- 
ture site, mild bruising or bleeding, but no serious 
adverse events have been reported. Safety of PTNS 
has not been studied in pregnant women and 
should therefore not be used in this population. 
The stimulation point (acupuncture point SP6) 
is associated with ripening of the cervix and 
induction of labor [24]. As with any neuromodu- 
lation device, there is a relative contraindication in 
patients with a cardiac pacemaker. 


Conclusions 


OAB is a syndrome characterized by urinary 
urgency with or without urge incontinence. 
OAB has significant economic impact, with first- 
line therapies showing poor compliance due to 
significant side effects, treatment failures, and 
high costs. Surgical interventions for OAB result 
in significant perioperative and long-term 
morbidity. PTNS offers a minimally invasive, 
non-ablative, and reversible means to treat OAB 
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with minimal side effects. Stimulation of the 
nerve inhibits bladder activity by depolarizing 
somatic sacral and lumbar afferents with central 
nervous system effects. Through prospective 
double-blind and sham-controlled studies, there 
is ample data to show efficacy of PTNS on OAB. 
No significant side effects have been reported. 
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Philip E.V. van Kerrebroeck and Martijn A.C. Smits 


Sacral neurostimulation (SNS) is a minimally 
invasive treatment option for symptoms of over- 
active bladder (OAB) when non-invasive therapies 
such as behavioural modification, pelvic floor 
rehabilitation and pharmacological therapy have 
failed. The efficacy of SNS in patients with idio- 
pathic OAB has been shown in clinical trials, 
with a reported long-term success rate of 
approximately 70 % [1, 2] and a 5-year patient 
satisfaction of up to 90 % [3]. The largest sys- 
tematic review evaluating SNS for neurogenic 
lower urinary tract dysfunction calculated an 
overall success rate of 68 % [4]. It follows from 
these data that in spite of its potential, SNS still 
offers no solution to the problems of a consider- 
able number of patients with symptoms of 
(neurogenic) OAB. 

Sacral neuromodulation consists of implanta- 
tion of a tined electrode in the S3 sacral foramen 
with subsequent connection to an implantable 
pulse generator. The working mechanism of SNS 
is unclear, but it is indicated that electrical stimu- 
lation of the S3 sacral nerve root leads to modula- 
tion of the afferent signals and micturition reflex 
pathways in the central nervous system [5]. 
One limitation of the selection of S3 is that only 
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one of the pathways inducing the inhibitory reflex 
is stimulated. 

The pudendal nerve (PN) originates from S2, 
S3 and S4 sacral nerve roots. Therefore selection 
of the pudendal nerve, as a site for stimulation, 
provides afferent stimulation of S2, S3 and S4 
nerve roots. Since more afferents are stimulated 
with direct pudendal nerve stimulation (PNS) 
than with SNS, chronic PNS may be an alterna- 
tive option in patients in whom SNS fails [6]. 


The Pudendal Nerve 


The pudendal nerve (PN) is a peripheral nerve, and 
consists mainly of afferent sensory fibres from 
sacral nerve roots S1, S2 and S3. Human cadaveric 
studies have shown that 50 % of the pudendal 
nerves contain nerve fibres originating from the 
roots S2, S3 and S4, 40 % only from S2 and S3 and 
10 % from S3 and S4 only [7]. Consequently, the 
PN is a major contributor to bladder afferent regu- 
lation and hence bladder function. Pudendal 
nerve entrapment often leads to significant void- 
ing dysfunction, including urinary incontinence 
and detrusor overactivity [8—10]. 


Anatomy of the Pudendal Nerve 
The PN originates in the sacral plexus and derives 


its fibres from the ventral rami of second, 
third and fourth sacral nerves (S2, S3 and S4). 
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The nerve also gets contributions from the adjacent 
roots of S1 and S5 [7]. The pudendal nerve roots 
emerge from the anterior sacral foramina con- 
taining both somatic and autonomic fibres. The 
PN together with the internal pudendal artery 
exits the pelvis through the greater sciatic fora- 
men, travelling anterior to the piriformis muscle 
and posterior to the coccygeal muscle and the 
sacrospinous ligament. At this point the PN winds 
posteriorly around the ischial spine, medial to the 
pudendal vessels and deep to the sacrotuberous 
ligament in the biligamentary tunnel. It swings 
anteriorly through the lesser sciatic foramen and 
the Alcock’s canal to enter the perineum. Here 
the PN terminally branches into the dorsal genital 
nerve (DGN), the inferior rectal nerve and the 
perineal nerve [7, 11]. The DGN eventually runs 
through the suspensory ligament to the dorsum of 
the penis or clitoris. The inferior rectal nerve 
extends motor branches to the levator ani muscle 
and the external anal sphincter, and sensory 
branches to the perianal region and the scrotum. 
Alongside these branches to the scrotum runs the 
scrotal branch of the perineal nerve into the com- 
mon scrotal branch, which innervates the scrotal 
skin. The other branches of the perineal nerve, the 
bulbocavernosus branch and the medial urethral 
sphincter branch, run down to the striated urethral 
sphincter [11, 12]. 


Pudendal Nerve Stimulation 


Stimulation of nerve fibres can be achieved by 
implanting an electrode close to the nerve. The 
initial nerve localisation and implanting tech- 
niques used were initially complex and have 
recently been replaced by minimally invasive, 
percutaneous approaches. The percutaneous 
procedures can be performed with use of the 
quadripolar tined lead that is also used for SNS, 
connected to an implantable pulse generator. 
Using the combination of this tined lead and an 
implantable pulse generator gives the opportu- 
nity for a staged implant procedure. During the 
first stage the lead is implanted adjacent to the 
PN and connected to external stimulator. If dur- 
ing the testing period the stimulation is success- 
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ful, the second stage consists of implanting an 
implantable pulse generator. 

An alternative to this ‘electrode’ system is a 
lead-less mini-neurostimulator with integrated 
electrodes, which can be implanted at its target 
location (Alcock’s canal) [6]. 


Surgical Access to the 
Pudendal Nerve 


The anatomy of the PN and its branches enables 
the implantation of an electrode at several sites. 
At the ischial spine, the PN is a relatively isolated 
structure and stimulation at this site theoretically 
diminishes the risk of unwanted activation of S2 
motor fibres to sciatic nerve [13]. The PN can be 
accessed percutaneously for stimulation at the 
ischial spine by a posterior or perineal approach 
for insertion of the electrode. With the perineal 
approach the PN can also be reached at the 
Alcock’s canal [14]. 

When implanting an electrode by the posterior 
approach at the ischial spine, the ischial spine can 
be located by palpating the lower margin of the 
sacrotuberous ligament where it forms an angle 
with the ischial tuberosity [14-16]. The electrode 
can also be inserted perpendicularly at the inter- 
section of a horizontal line from the greater tro- 
chanter and a vertical line from the ischial 
tuberosity tip (using fluoroscopy) [13, 14]. 

The perineal approach is performed by inser- 
tion of the electrode perpendicularly to the 
perineum between the ischial tuberosity and the 
anus. A finger is placed into the rectum or the 
vagina to prevent puncturing the bowel or vagina 
and then used to guide the needle to the ischial 
spine or Alcock’s canal [6, 17, 18]. 


EMG Recordings for Ensuring Correct 
Electrode Placement 


Since the outcome of PNS depends on the proxim- 
ity of the electrode to the nerve [19], it has been 
suggested at the time of the development of the 
percutaneous placement techniques that place- 
ment of the electrode needs electrophysiological 
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confirmation. Anal sphincter electromyography 
(EMG) and measurement of amplitude and latency 
during acute stimulation have been used [17]. In 
practice, the positioning of the electrode based on 
EMG recordings appears to be difficult. A recent 
study combining clinical results with cadaver stud- 
ies has shown that the electrode can also be posi- 
tioned satisfactorily without EMG confirmation. 
The authors conclude that lead placement can be 
based on evidence of visible and palpable sphinc- 
ter contraction [13]. 


Dorsal Genital Nerve Stimulation 


As an alternative method to direct stimulation of 
the PN, stimulation of nerve branches originating 
from the PN can be used. For this purpose, the 
DGN has been used as a peripheral stimulation 
site of the PN. The DGN can be accessed either 
using surface electrodes, as part of the DGN is 
localised superficially to the skin outside the pel- 
vis, or with an electrode inserted more proximal 
along the tract of the DGN. In addition to using 
sensory function of the nerve to locate the stimu- 
lus in the glans penis or the clitoris, electrodes 
can be positioned near the DGN using the genito- 
anal reflex [20]. 


Mechanism of Action 


Stimulation of the PN is different from SNS, as 
it provides afferent stimulation not only of the 
S3 sacral nerve root but also of the S2 and S4 
roots. Both forms of stimulation, however, seem 
to rely on the same neurophysiological mecha- 
nisms. The working mechanism of stimulation 
of sacral nerve roots is not fully understood. In 
OAB, neurostimulation is supposed to act by 
inhibiting bladder afferent activity through its 
action on somatic afferent pathways, and hence 
blocking abnormal sensory input to spinal cord 
and brain. Neurostimulation may also block 
interneuron transmission of bladder sensory 
input and can directly inhibit bladder pregangli- 
onic neurons of bladder efferent pathways as 
well [5, 21]. 
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Experimental Studies 


The modulatory effects of PNS have been studied 
in normal and spinal animals, and important 
aspects of the spinal mechanism of action have 
been identified. These mechanisms rely on spinal 
interaction between somatic afferent fibres of the 
pudendal nerve and autonomic pathways control- 
ling the bladder and bladder neck [22-26]. 
Projection of pudendal pathways into spinal sym- 
pathetic and sacral parasympathetic systems has 
been found in several animal experiments but 
also in humans [27-29]. 


Clinical Results 


The number of published studies and the experi- 
ence with PNS are limited compared to SNS. In 
SNS, in a single blinded crossover trial 30 patients 
randomly received a test with SNS and PNS (both 
tined quadripolar lead) by the perineal approach for 
OAB and urinary retention (10 %). The overall 
reduction in symptoms was 63 % for PNS and 
46 % for SNS. PNS was chosen as a superior lead 
in 79.2 % of patients [16]. Another study evaluat- 
ing the success of PNS with a percutaneous nerve 
evaluation test included 14 female patients with 
idiopathic OAB. Six patients (42 %) responded 
positively (>50 % improvement in urodynamic 
parameters) and received permanent PNS with a 
lead-less mini-neurostimulator [6]. One of the first 
relevant clinical studies on the effect of PNS with 
use of intermittent (weekly) needle stimulation was 
performed in a heterogeneous group of patients 
with idiopathic and neurogenic detrusor overactivity 
(n=29). These authors succeeded in showing a sig- 
nificant increase in functional bladder capacity in 
all patients and a 30 % decrease of frequency in 11 
patients [18]. There is only one other study that has 
evaluated the effect of PNS in patients with neuro- 
genic OAB. In this study test stimulation has been 
performed with a tined quadripolar lead in 15 
patients. Eight patients regained continence during 
the test phase and two patients improved by more 
than 88 %. Two patients reduced the number of 
incontinence episodes by 50 % and three patients 
had no improvement [17]. 
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Clinical Experience with DGN 


Studies using stimulation of the DGN have been 
performed in acute and experimental settings, 
without long-term chronic trials. Only one larger 
study using continuous stimulation during 1 
week is available. Of 21 female patients with 
urgency incontinence 55 % showed an increase in 
cystometric capacity and 47 % experienced a 
greater than 50 % reduction in incontinence epi- 
sodes [30]. 


Other Indications 


As with SNS, the effect of PNS has also been 
evaluated for other (urological) indications. In a 
small (21 patients) prospective, single blind, ran- 
domised crossover trial of SNS versus PNS for 
bladder pain syndrome, 77 % of patients had a 
significant improvement in the outcome of pain 
questionnaires and received a permanent implant. 
PNS was chosen as the better method of stimula- 
tion in 77 % [31]. In one study the effect of PNS 
on non-obstructive urinary retention was evalu- 
ated in three patients as part of a study mixed 
with patients suffering from OAB [16]. Faecal 
incontinence is currently being evaluated as a 
novel indication for PNS. One study showed a 
success rate of 70 %, considering a more than 
50 % symptom reduction as success [13]. This 
indicates that patients suffering from OAB in 
combination with faecal incontinence, not 
responding to SNS for both problems, could be 
candidates for PNS. 


Conclusions 


PNS is considered an interesting alternative 
form of electrical stimulation for the treatment of 
OAB when non-invasive therapies have failed. 
As the pudendal nerve (PN) contains afferent 
fibres of S2, S3 and S4 nerve roots, more affer- 
ents are stimulated with PNS than with sacral 
nerve stimulation (SNS), and therefore may be 
an alternative option in patients in whom SNS 
fails. Anatomically the PN can be approached in 
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different ways and clinical research indicates bet- 
ter overall results with PNS than with SNS. 
However only a limited number of permanent 
implantations have been performed and long- 
term results are lacking. Therefore further 
research has to clarify the exact place of PNS in 
the treatment of lower urinary tract dysfunction. 
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Decision, Special Instruments, 
and Controversies 


Dominic Lee and Philippe Zimmern 


Back to Basics? 


Time has not been kind to the management of 
pelvic organ prolapse (POP). In an era of vast 
progress in other fields, prolapse repair it seems 
has stood relatively still. Despite our intense efforts 
to improve outcomes and to benefit patients, we 
are still rooted in traditional approaches where the 
operative techniques have changed very little for 
the past 100 years, and the results have been 
underwhelming to say the very least or is it? 
From the beginning, most of what has been 
done in prolapse repair is not evidence based and 
few have challenged the prevailing concepts. 
Over a century ago, the Manchester repair came 
into existence, and along with the anterior col- 
porrhaphy, both became the surgical standard for 
prolapse repair for apical and anterior defects but 
where was the data to support its efficacy? 
Similarly the posterior repair came into being as 
a form of repair for episiotomy tears and quickly 
became the most prevalent surgery for posterior 
defect repair without any anatomical understand- 
ing. Gradually more elaborate concepts came to 
bear, and from the 1950s and 1960s we saw the 
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emergence of vault suspension techniques including 
sacrospinous ligament fixation popularized by 
Randall and Nichols and later by Miyazaki, and 
abdominal sacrocolpopexy (SCP) by Lane, which 
restored vaginal axis and vaginal capacity but with 
the risk of bowel complications and bleeding. 

Still there were issues. Prolapse recurrence 
was not uncommon and the anterior compartment 
was the most affected with failure rates of up to 
70 % within the first postoperative year [1]. 
DeLancey brought greater understanding of the 
pelvic anatomy highlighting the various levels of 
pelvic organ support [2]. Basic research started to 
flourish and confirmed the intuition that connec- 
tive tissue defects with reduction in collagen and 
proteoglycan synthesis may have a pivotal role in 
prolapse development [3]. Translational research 
slowed but the race was on to find a suitable graft 
material to augment the repairs. Biologic grafts 
were advocated but the outcomes were disap- 
pointing [4]. Encouraged by the utility of syn- 
thetic material in abdominal hernia repairs and 
inspired by the success of tension-free vaginal 
tape (TVT) sling, we entered into the era of trans- 
vaginal synthetic mesh, and momentarily it 
offered a glimpse of hope. Anatomical outcomes 
were superior in a few short-term studies, and 
before we knew it the die was cast [5, 6]. 
Transvaginal mesh and its various kit transforma- 
tions were championed by the medical device 
industry and promoted extensively amongst phy- 
sicians. Not surprisingly, the new surgical concept 
also led to new complications; viscus perforation 
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not recognized at the time of surgery. Mesh erosions 
and contractions surfaced, presenting often at 
times beyond the duration of the trial protocols [7]. 
The need for scientific reevaluation beckoned but 
regrettably, there was more effort spent market- 
ing these devices rather than allowing for suffi- 
cient data to accumulate supporting their use. 
Clearly, there was inadequate understanding of 
the effects of synthetic material on delicate and 
atrophied vaginal tissues. The US Food and Drug 
Administration (FDA) intervened [8, 9], and as it 
stands we are entering the dominion of “meshol- 
ogy”; an evolving field of sub-specialization dedi- 
cated to a growing population of incapacitated 
women with scarred vaginas, extruded meshes, 
and chronic pain from vaginal mesh placement 
seeking relief and rallying for change. 

To confuse matters further, outcome measures 
for success seem to be moving targets themselves. 
Previous successes were judged on anatomical 
correction, but now this seems inadequate, as 
50 % of women were found asymptomatic despite 
recurring anatomical defects [10]. Symptom relief 
and sexual satisfaction became incorporated into 
our reporting, and yet there is no consensus on the 
true definition of success in prolapse surgery. 

As we stare into the eyes of our patients with 
limited evidence to guide our approaches, we ask 
ourselves: Where did it all go wrong? What can 
be done? The answer seems logical—we need a 
scientific pipeline in POP, from basic sciences to 
clinical trials; a cultivation of sound scientific 
and clinical data based on a systematic approach. 
It may be time to go back to basics. 


Planning for Surgery 


Vaginal prolapse is rarely a life threatening 
condition. Most prolapses will progress with 
time and can only be corrected with intravaginal 
pessary or restorative surgery. Indications for 
surgical management are largely directed by the 
patient’s presenting symptoms, and on rare occa- 
sions resultant complications associated with 
vaginal prolapse such as urinary retention or 
obstructive uropathy. Patient factors are impor- 
tant to consider as it can impact on the approach 
and outcome to management. As in other surgeries, 
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the primary attempt at corrective surgery is the 
most likely to succeed, thus the most important. 
Therefore, a pelvic reconstructive surgeon should 
have expertise in several repair procedures for 
POP, including vaginal, laparoscopic/robotic, and 
open surgical techniques. The overall goal is to 
restore vaginal anatomy and improve symptoms 
and organ function. 

For this chapter, we will take for granted that 
the patient has been fully worked up and a diag- 
nosis has been reached confirming the presence 
of a bothersome prolapse condition for which 
surgery is indicated. The patient expectation can 
be simple (correction of a bothersome bulge) or 
more complex involving other domains such as 
restoration of sexual function, or correction of 
associated urinary or bowel symptoms. This 
needs to be addressed thoroughly to prevent post- 
operative disappointments but the setting of real- 
istic expectations is beyond the reach of this 
chapter and is limited at present by few available 
tools to explore this important domain. For clari- 
fication, this chapter will exclude patients unfit 
for surgery, unwilling to undergo surgery, or 
those preferring a nonsurgical alternative such as 
a pessary. We will also exclude from our discus- 
sion patients who are not sexually active and can 
only undergo a short obliterative procedure such 
as a colpocleisis because of age and anesthesia 
risks for example. So, in summary, we will dis- 
cuss the index patient who has a bothersome 
POP, wishes surgical repair (indication), and can 
be amenable to all currently available surgical 
approaches (decision). 


Indications for Surgery 


Vaginal prolapse can affect several compartments 
and demands astute clinical judgement from the 
surgeon in balancing between the patient’s opera- 
tive risks and chances for success. Consideration 
needs to be given to the following when deciding 
on surgical repair: (1) thorough assessment of 
prolapse symptom(s) and organ dysfunction(s), 
(2) the absence or presence of urinary inconti- 
nence, (3) patient comorbidities, (4) examination 
findings, (5) additional testing, (6) patient expec- 
tations, and (7) surgeon expertise. 
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Patient Factors 


Patients that are at high risk for recurrence 
including those who had failed previous surgical 
repairs and those with predisposing comorbidi- 
ties for poor healing should be identified. 
Overall medical condition such as patients with 
diabetes mellitus or on chemotherapy and/or 
steroids should seek medical clearance prior to 
proceeding with repair. Patient with chronic 
cough inducing respiratory conditions such as 
COPD and asthma should be medically opti- 
mized. Poorly estrogenized tissues should be 
treated with hormone cream for a minimum of 3 
months if possible prior to procedure. Bowel 
evaluation may be needed in case of chronic 
constipation to avoid the risk of tearing a native 
tissue repair. 

Lifestyle activities may be an issue and heavy 
physical duties may have to be curtailed in the 
perioperative period to ensure adequate healing 
and not jeopardizing repair. Sexual function is 
important in the indication as it sometimes elimi- 
nates a vaginal approach by fear of inducing vag- 
inal pain, narrowing, and/or shortening. The 
presence or absence of uterus, and patient’s 
interest to retain or remove this organ may need 
to be explored; and post-hysterectomy patients 
will need their ovarian status reviewed if they had 
elected to keep their ovaries thus far. Transvaginal 
mesh may be beneficial when used in the appro- 
priate setting with “at risk for recurrence” indi- 
viduals following thorough patient counseling by 
an adequately trained surgeon. 

Finally patients with one compartment defect 
may need a different surgery than those with dual 
prolapse (anterior and apex, or apex and posterior, 
including enterocele and/or rectocele) or triple 
compartment prolapse. Furthermore, the presence 
of occult or urodynamic stress urinary inconti- 
nence (SUI) on testing needs to be factored into 
the final operative management. 


Surgeon Factors 
Aside from surgical repertoire and training 


issues, several factors may persuade the surgeon 
either to adopt an abdominal approach or to 
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consider minimally invasive techniques such as 
laparoscopy/robotic-assisted laparoscopy or a 
vaginal approach. Overweight patients are not 
well suited for open, robotic, or laparoscopic 
techniques due to higher rates of perioperative 
complications. Patients with prior abdominal 
surgeries, hernia repairs (inguinal or midline), 
and colon issues (diverticulitis) need specific 
attention. Similarly, the need for an adjunct pro- 
cedure such as a concomitant oophorectomy can 
affect the approach undertaken. 


Decisions for Surgery 


We will highlight three cases that illustrate our 
treatment choices and decision process taken in 
recent patients. In each case of prolapse the treat- 
ment should be individualized to the patient with 
considerations given to symptoms of bother, pri- 
mary versus secondary presentation, associated 
comorbidities, sexual function, and past surgical 
history. In addition, the impact of prolapse on 
quality of life (QOL) as well as a thorough physi- 
cal assessment documenting the anatomic defects 
in tandem with radiological or functional testing 
should be defined. Full disclosure of risks and 
benefits of operative approach to patient based on 
a comprehensive evaluation ensues, i.e., vaginal 
versus abdominal approach (laparoscopic/robotic 
or open), uterine conservation or not, mesh or no 
mesh, and with or without concomitant anti- 
incontinence procedure. 


Case 1 


A 53-year-old woman presents with a symptom- 
atic cystocele following total vaginal hysterec- 
tomy 3 years ago for uterine prolapse. She reports 
mixed urinary incontinence (stress greater than 
urge) and wears two pads per day. She denies 
dyspareunia and reports no sexual activity sec- 
ondary to partner’s erectile dysfunction. Previous 
surgical history includes laparoscopic cholecys- 
tectomy and an appendectomy. Exam shows 
stage 2 cystocele and stage | vault prolapse. 
POP-Q Staging: Aa —2, Ba +1, C point —4, Ap 
—3, Bp —2. She desires treatment. 
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Low lying 
urethra at 90- 
degree angle 


Fig. 16.1 Lateral view on VCUG showing a Grade 3 
cystocele and a poorly supported, low-lying urethra 


This lady presents interesting diagnostic and 
therapeutic considerations with dual complaints 
of symptomatic prolapse and urinary inconti- 
Validated questionnaires are recom- 
mended to quantify these complaints and to 
establish baseline as a comparison for treatment 
success. Further testing was obtained to address 
her leakage mechanism and degree of urethral 
mobility with multichannel urodynamic studies 
(UDS) incorporating prolapse reduction with 
vaginal packing [11] and a standing voiding cys- 
tourethrogram (VCUG) with lateral views at rest 
and with straining. Prolapse evaluation with 
magnetic resonance imaging (MRI) defecogra- 
phy was suggested to evaluate apical support and 
assess for the presence of an enterocele that could 
impact on surgical approach. 

Her evaluation returned with the following 
testing information: 

VCUG: maximum cystometric capacity 
(MCC) at 450 mL. Grade 3 cystocele with the 
lower part of the bladder at 6 cm below the lower 
edge of the pubic symphysis on straining views. 
Low-lying urethra at a 90° angle, with normal 
urethral views during voiding, and a moderate 
post-void residual confirming her clinical impres- 
sion of incomplete bladder emptying (Fig. 16.1). 

MRI revealed a minimal vault descent and no 
posterior compartment defect, specifically no 
enterocele or rectocele (Fig. 16.2). No SUI with 
or without packing, or detrusor overactivity (DO) 


nence. 
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defecography 


Fig. 16.2 MR defecography (T2) confirming anterior 
compartment defect 


was evidenced during UDS. During pressure-flow 
study, a prolonged flow curve with low maximum 
flow at 10 mL/s along with Valsalva efforts was 
noted, with normal range voiding pressures. 

Given the predominant cystocele defect on 
VCUG and MRI with minimal apical involve- 
ment, we planned for a transvaginal repair of her 
cystocele with an anterior vaginal wall suspen- 
sion technique to repair the cystocele defect and 
provide support to the bladder neck area at the 
same setting [12]. A concurrent anti-incontinence 
procedure was not offered (see controversies), as 
patient had no demonstrable occult SUI (OSUI) 
on clinical exam or on UDS. Secondary inconti- 
nence (sphincteric deficiency and/or bladder 
overactivity) may occur, but is unlikely given her 
current findings. In the absence of vaginal vault 
weakness and/or posterior compartment defect, a 
mesh repair with an abdominal SCP was not rec- 
ommended but could be considered if despite 
this thorough evaluation, her vault support fails 
secondarily. 


Case 2 


A 65-year-old woman presents with a 1-year 
history of symptomatic recurrent prolapse fol- 
lowing failed trial of pessary. She is status post 
laparoscopic-assisted vaginal hysterectomy 
(LAVH) for uterine prolapse and a cystocele 
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repair performed 2 years ago. She reports no SUI. 
She denies any pain or bowel symptoms. She is 
G4P3 with all vaginal deliveries. Patient is sexu- 
ally active and intends to remain active. 


Examination confirms no leak with cough or 
strain. No anterior vaginal wall compartment 
defect is noted (Fig. 16.3), but a large posterior 
compartment defect is appreciated with POP-Q: 
Aa-3, TVL —9, C +1, Ap at +1. Vaginal trophicity 
is adequate with no evidence of ulcerations. 


Fig. 16.3 Well supported urethra and bladder base during 
straining on lateral standing VCUG 
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The impression was that she had a secondary 
vault prolapse with an associated rectocele and 
suspicion of enterocele. MR defecography, 
ordered to determine if this was a large rectocele 
alone or with an associated enterocele, demon- 
strated widening of the levator hiatus and anorec- 
tal junction with descent of the anorectal junction 
during defecation. Aside from a large distal 
rectocele during defecation, a small enterocele 
was noted (Fig. 16.4a, b). 

In counseling this patient we took into consider- 
ation her previous surgical history and her desire 
for maintenance of sexual activity. We discussed 
the risk and benefits of a transvaginal posterior 
repair with a potential 15-20 % rate of dyspareunia 
versus a laparoscopic/robotic-assisted abdominal 
mesh SCP (RA-SCP) with restoration of vaginal 
capacity and axis at the expense of mesh erosion 
risks around 5 %, mesh infection (<2 %), and 
secondary bowel obstruction (<5 %). Finally the 
patient opted for a robotic repair to preserve vagi- 
nal size and length. The intraoperative findings 
revealed a larger enterocele defect than estimated 
on MR defecography (Fig. 16.5). 

This is a case in point that imaging in supine 
position has a degree of false negative rate and 
clinical suspicion is still paramount, as it would 
have impacted on intraoperative management and 
outcome if a posterior repair had been pursued. 


Well 
supported 
bladder 
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Distal 
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Fig. 16.4 (a) MR defecography T2 sagittal view with distal rectocele and no apical defect. (b) Further exaggeration 


with dynamic gel defecation with minimal apical descent 
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Fig. 16.5 Intraoperative view of large enterocele defect 
at robotic surgery 


Case 3 


A 64-year-old presents with symptomatic uterine 

and bladder prolapse. She denies any urinary 

incontinence or bowel symptoms. Patient is still 
sexually active but denies dyspareunia. She gives 

a history of negative Pap smears. Previous 

surgical history includes a laparoscopic chole- 

cystectomy but no other abdominal surgeries. 

Pelvic exam revealed a large cystocele and uter- 

ine prolapse with POP-Q: Ba +1, C —1, and D -3. 
Given her symptoms and the presence of her 

reproductive organs, she was investigated with: 

(1) a pelvic ultrasound to evaluate for uterine size 

and to exclude a uterine or ovarian pathology, (2) 

standing cystogram to document the extent of her 

cystocele and degree of urethral hypermobility, 
and (3) a UDS with pack reduction of prolapse to 
unmask incontinence. Completed evaluation con- 
firmed the following: 

Pelvic ultrasound: 
ovaries. 

UDS: SUI with pack reduction. 

VCUG: 600 mL bladder capacity with large cys- 
tocele Grade 3 and urethral hypermobility. No 
residual (Fig. 16.6). 

This patient has significant dual compartment 
prolapses with occult SUI on UDS testing. The 
approach will depend on her decision regarding 
uterine preservation versus hysterectomy in addi- 
tion to whether a concomitant anti-incontinence 
procedure should be undertaken (see discussion on 


small uterus and normal 
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Fig. 16.6 Lateral VCUG showing bottleneck appearance 
of a Grade 3 cystocele on straining with poorly supported 
urethra represented by the axis of the urethral Foley 
catheter 


controversies). If she desires uterine preservation, 
counseling with regard to an approach with lapa- 
roscopic or open abdominal mesh sacrohystero- 
pexy with an anterior mesh segment to correct 
her cystocele and a Burch urethropexy or subure- 
thral tape would be a reasonable option. If she 
decided on a hysterectomy, then a total vaginal 
approach could be a logical option including a 
vaginal hysterectomy with possible bilateral sal- 
pingo-oophorectomy (BSO), an enterocele repair 
with a Moschowitz-type purse-string closure of 
the peritoneal defect, a vault fixation procedure, 
and a cystocele repair with bladder neck suspen- 
sion at the same setting. If she opted for an open 
repair, a supracervical hysterectomy would be 
considered to minimize the risks of mesh erosion 
at the vaginal cuff (see controversies). 


Special Instruments 


1. Da Vinci robotic-assisted mesh sacrocolpo- 
pexy has widened the minimally invasive 
options and seemingly requires fewer skills 
than needed for laparoscopy (Fig. 16.7). 
Single incision has been reported but is a very 
demanding procedure [13]. 

2. Covidien V-loc™  sutures—these unidirec- 
tional barbed absorbable sutures shorten sutur- 
ing time and keep tissues on tension (Fig. 16.8). 
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Fig.16.7 Da Vinci 
robotic-assisted mesh 
sacrocolpopexy has 
widened the minimally 
invasive options and 
seemingly requires fewer 
skills than needed for 
laparoscopy 


Fig. 16.8 Covidien V-loc™ sutures 


They are used primarily for peritoneal closure 
over the mesh. 

3. Long blade-weighted vagina retractors—good 
vaginal access is imperative for cystocele 
repair and vaginal hysterectomy and depend- 
ing on whether the patient is nulliparous or 
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Fig. 16.9 Pereyra-Raz double prong or Pereyra or 
Stamey single prong needle passers 


multiparous; the swan neck-contoured blades 
improve access and visibility. 


. Pereyra-Raz double prong or Pereyra or 


Stamey single prong needle passers are useful 
for suture transfers from the vaginal area to the 
suprapubic region during autologous pubovagi- 
nal sling and needle suspension procedures like 
the anterior vaginal wall suspension technique 
(Fig. 16.9). 


. Breisky-Navratil vaginal retractors and the 


Capio needle drivers are important to 
improve access to the ischial spine for a 
sacrospinous ligament fixation procedure 
(Fig. 16.10). 
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Fig. 16.10 Breisky-Navratil vaginal retractors 


6. Betadine-soaked rectal packing can be used 
to mold the rectum during posterior compart- 
ment defect repairs. 

7. EEA clamp or some form of vaginal molding 
tool (sponge stick) is needed to aid in the vaginal 
vault dissection during laparoscopic or robotic 
repairs. 


Controversies 


Mesh Versus No Mesh for 
Transvaginal Prolapse Repair 


Anterior compartment defects are the commonest 
and also the most prone to recurrence following 
repair [14]. The definition of recurrence has 
changed over time further complicating the 
debate in this field. Data from a control group of 
women examined for non-prolapse symptomatol- 
ogy highlighted a natural tendency for anterior 
vaginal descent with ageing. Therefore, reconsid- 
eration of prior published studies with modified 
criteria for failure has led to a change in the rate 
of anatomic recurrence noted after native tissue 
cystocele repairs [15]. The assessment of postop- 
erative outcomes following POP surgery lacks 
standardization leading to variable successes 
quoted in the literature for native tissue repairs. 
The initial emphasis on anatomical correction 
as the dominant outcome may have been too 
stringent as there may be less correlation with 
the patient’s overall assessment of improvement. 
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A study by Barber et al. using the colpopexy and 
urinary reduction efforts (CARE) trial data 
reevaluated their outcomes based on 18 definitions 
of surgical success. Treatment success varied 
widely depending on definitions used (19.2— 
97.2 %). Definition of surgical success correlated 
most with both treatment success and overall 
improvement when the following was utilized: 
(1) the absence of prolapse beyond the hymen 
(94 %), (2) the absence of bulge (92.1 %), and (3) 
the absence of re-treatment (97.2 %). Importantly, 
subjective cure was associated with significant 
improvements in the patient’s assessment of both 
treatment success and overall improvement, more 
so than any other definition considered (p <0. 001 
and p<0. 001, respectively) [16]. The original 
data of a landmark RCT by Weber et al., often 
cited and quoted for lack of anatomical success 
(30-46 %) with native repair, was reanalyzed 
using more clinically relevant definitions of suc- 
cess based on the NICHD Pelvic Floor Disorders 
Network’s recommendation. Of the 114 subjects 
randomized to the three treatment arms, 88 % 
were successful based on the new definitions 
with no difference between the three groups. 
No reoperations were reported for complications 
or recurrence at 12 months [15]. 

Nonetheless, a legitimate approach to dimin- 
ish these rates of anatomic failure included the 
interposition of a mesh material or net beneath 
the bladder base through a minimally invasive, 
transvaginal approach [17]. Fed by initial reports 
of anatomical success with short-term follow-up 
and byway of the US FDA 510 K-approval pro- 
cess, a plethora of mesh kits became rapidly 
available on the market [18]. However, a series of 
reports on “unique” mesh-related complications 
(mesh extrusion, erosion, and/or retraction, as 
well as pain and infection), some of which were 
found to be irreversible and crippling, prompted 
the US FDA to issue two consecutive notifica- 
tions in 2008 and 2011. The second notification, 
based on a continued increase in complications 
reported on the MAUDE database, was directed 
to all involved, including patients for whom a list 
of 14 questions to ask their repair surgeon was 
recommended. Several other measures were 
activated including the process of reclassifying 
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vaginal mesh products from a class II to class III 
device, which will mandate elaborate pre- and 
post-market investigations [9]. Just recently, 
Johnson and Johnson Ethicon Women’s Health & 
Urology decided to remove the following meshes 
from the market: Prosima™, Prolift, and Prolift 
+M™ [19]. 


What Is the Current Evidence 

to Favor Transvaginal Mesh Use? 

Most of the evidence base related to mesh use is 
at level 2-3 and there is only a handful of level 1 
evidence to date. De Landsheere et al. reported 
on 3 % failure rate and 3.6 % mesh reoperation 
rate (2.7 % for mesh exposure) in their retrospec- 
tive series of 524 patients with transvaginal 
Prolift™ mesh repair at a median follow-up of 38 
months (range: 15—63). They concluded that the 
rate of prolapse recurrence and re-intervention 
for mesh-related complications was low in expe- 
rienced hands [20]. In a large randomized trial by 
Altman et al. comparing anterior colporrhaphy 
versus trocar-guided mesh kit repairs in 389 
women with stage >2 cystocele with composite 
(objective and subjective) outcomes, mesh kits 
performed better than native repair at 12 months: 
60.8 % versus 34.1 %. The sexual function 
domains were not significantly different between 
the two groups (p=0.99) and the reoperation rate 
for mesh complications was 3.2 % [21]. Withagen 
et al. randomized 190 women with recurrent pro- 
lapse to trocar-guided mesh repair versus conven- 
tional repair and reported a lower anatomical 
failure rate for mesh repair compared to conven- 
tional repair; 9.6 % versus 45.2 % at 12 months 
follow-up [22]. 


What About Those Who Object to the 

Use of Transvaginal Mesh Placement? 

Withagen et al., in the same study mentioned 
above, reported subjective improvement as 
equivocal between the two groups at 80 %, 
despite higher anatomical recurrence in the non- 
mesh group [22]. Similarly, Neiminen et al. at 3 
years follow-up on their randomized trial of ante- 
rior colporrhaphy with mesh reinforcement 
versus traditional repair reported a lower recur- 
rence rate in the mesh versus non-mesh arm: 
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13 % versus 41 % (p<0.001). Interestingly, no 
difference in symptomatic recurrence was noted 
between the two groups, and the mesh erosion 
rate was high at 19 % [23]. This debate can be 
summarized by reviewing the recent Cochrane 
publication issued in 2010 on 3,773 patients 
which reported that although mesh repairs 
showed superior anatomical outcomes, with a 
higher native repair failure risk (RR 3.55, 95 % 
CI 2.29-5.51), the current data sets were extracted 
from conference abstracts and should be inter- 
preted with caution. Furthermore, it appears that 
there is insufficient evidence to support a clini- 
cally significant difference in subjective out- 
comes, QOL data, and reoperation rate for 
recurrent prolapse compared to traditional repairs 
[24]. Finally the FDA notification of 2011 empha- 
sized the Cochrane review by stating that the ana- 
tomical outcome may be favorable for mesh, but 
there is no evidence that this finding changes 
functional outcomes or patient satisfaction, and 
can cause grief through mesh-related complica- 
tions. “In particular, the literature review revealed 
that: while transvaginal surgical repair to correct 
weakened tissue between the bladder and vagina 
(anterior repair) with mesh augmentation may 
provide an anatomic benefit compared to tradi- 
tional POP repair without mesh, this anatomic 
benefit may not result in better symptomatic 
results” [9]. 


How Safe Is Vaginal Mesh? 

Data abstracted from a recent systematic review 
conducted by the Society of Obstetrics and 
Gynecology of Canada (SOGC) in 2010 reported 
that although mesh repairs had an anatomical 
success rate of 79—100 %, the mesh erosion rate 
was 5-19 % and the reoperation rate 3.2-22 % 
[25]. These numbers, derived from high volume 
and experienced centers, have implications for 
less well trained pelvic surgeons, although casel- 
oad and experience levels have not been officially 
quantitated to date. In recognition of the increased 
frequency and complexity of vaginal mesh- 
associated complications, the International 
Urogynecological Association (IUGA) and the 
International Continence Society (ICS) issued a 
joint terminology and classification system to 
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Table 16.1 Thirteen core discussion points with potential 
mesh patients as part of FDA 2011 notification 


e Are you planning to use mesh in my surgery? 

e Why do you think I am a good candidate for 
surgical mesh? 

e Why is surgical mesh being chosen for my repair? 


e What are the alternatives to transvaginal surgical 
mesh repair for POP, including nonsurgical options? 


e What are the pros and cons of using surgical mesh 
in my particular case? 


e How likely is it that my repair could be successfully 
performed without using surgical mesh? 


e Will my partner be able to feel the surgical mesh 
during sexual intercourse? 


e What if the surgical mesh erodes through my vaginal 
wall? 


e If surgical mesh is to be used, how often have you 
implanted this particular product? 


e What results have your other patients had with this 
product? 

e What can I expect to feel after surgery and for how 
long? 

e Which specific side effects should I report to you 
after the surgery? 


e IfI develop a complication, will you treat it or will 
I be referred to a specialist experienced with 
surgical mesh complications? 


e What if the mesh surgery doesn’t correct my 
problem? 


e If Ihave a complication related to the surgical 
mesh, how likely is it that the surgical mesh could 
be removed and what could be the consequences? 


e Ifa surgical mesh is to be used, is there patient 
information that comes with the product, and can I 
have a copy? 


From _ http://www.fda.gov/MedicalDevices/Productsand 
MedicalProcedures/ImplantsandProsthetics/UroGyn 
SurgicalMesh/ucm345205.htm 


standardize the reporting of mesh complications 
[26]. In addition, the FDA has proposed 13 points 
a mesh surgeon should discuss with suitable 
patients, which has become the core consensus 
requirement at present (Table 16.1) [9]. 

Falling short of a bipartisan divide between 
mesh supporters and mesh sceptics in “meshol- 
ogy,” and leaving aside for a moment the patients’ 
internet networks [27] and our volatile medicole- 
gal environment regarding mesh use, we should 
debate the question of whether the time has come 
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to reconsider the concept of vaginally placed 
mesh in the management of prolapse. First, a bet- 
ter understanding of mesh performance in tissues 
may be needed before human implantation. This 
could be obtained from animal studies allowing 
access to valuable information of in vivo mesh 
behaviors based on their properties (weight, 
porosity, fibrosis process, and composition) [28]. 
Second, once a mesh has been selected and tested 
in phase I studies [29], a process of gradual dis- 
semination with surgeon mentors has to take 
place to try to reduce the effects of a learning 
curve. For now, transvaginal mesh may remain an 
option in well-selected cases, for example, a non- 
sexually active woman, with a symptomatic recur- 
rent cystocele, in a high volume center and 
following thorough informed consent as recom- 
mended in the FDA notification of 2011. In this 
unique situation, the critical factor may well be 
the role of the surgeon experience as highlighted 
by Vaiyapuri et al. who reported on outcomes of 
Prolift™ mesh placement in Grade 4 POP by a 
single surgeon in 254 cases with 209 evaluated 
patients at 12 months. They noted improvements 
in both objective (Grade < 1 POP: 92.4, 100, and 
97 %) and subjective cure rates (absence of symp- 
tomatic bulge: 92.1, 92.1, and 97 %) for the con- 
secutive 3 years of evaluation, respectively [30]. 


Mesh Placement, with or Without 
Hysterectomy 


Mesh abdominal SCP is the current gold standard 
for the management of vault prolapse with 
well-established level 1 evidence in its favor 
[24]. The median mesh erosion rate from a large 
systemic review was reported at 3.4 % [31]. Most 
case series report an increased risk of mesh ero- 
sion when ASC was performed concurrent with 
total hysterectomy (TH) although RCTs are lack- 
ing. Culligan et al. reported an increase in mesh 
erosion in women who underwent a concurrent 
TH compared to those who did not: 27 % versus 
1.3 % (p<0.001) [32]. As part of the CARE trial, 
Cundiff et al. reported similar trends in 26 % 
of women who had concurrent TAH. The mesh 
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erosion rate was 14 % in women with concomitant 
TAH compared to 4 % with SCP alone, which 
represented a fivefold increased risk. The 
increased risk was attributed to the direct contact 
between the mesh and the vaginal cuff suture 
line, in addition to possible mesh contamination 
from vaginal bacteria [33]. Bensinger et al. 
reported on a retrospective analysis of 121 
women who were stratified into 3 groups: (1) 
SCH with SCP (n=37), (2) TH with SCP (n=49), 
and (3) SCP alone (n=35). The overall reported 
mesh erosion rate was 3.3 % and adjusted to 
8.2 % (p<0.039) in Group 2 with all cases occur- 
ring exclusively within that group. Patients 
undergoing SCP at the time of TH had a seven- 
fold increase in erosion rate risk compared to 
SCH and ASC or SCP group alone [34]. A recent 
publication by Kim et al. explored the risk of 
mesh erosion with minimally invasive sacrocol- 
popexy (MISC), both robotic and laparoscopic- 
assisted SCP, in 188 women. They reported an 
overall 10 % mesh erosion rate, which is higher 
than most series. Women with concurrent trans- 
vaginal hysterectomy (TVH) had higher erosion 
rate (23 % versus 5 %, p=0.109) compared to 
SCH (5 %) or SCP alone (5 %). The odds of mesh 
erosion for concomitant TVH was 5.67 (95 % CI: 
1.88—17.10) compared to SCP alone [35]. 

Over the last decade there has been a trend to 
perform uterine sparing surgery instead of the 
standard option of a total hysterectomy. Purported 
advantages of this approach include perioperative 
and psychosexual benefits in addition to preserv- 
ing fertility in women who are still within child 
bearing age. Surgical treatment options for uter- 
ine prolapse include open, laparoscopic, or vaginal 
approaches. Uterine preservation techniques 
include the Manchester procedure and its variants, 
sacrospinous hysteropexy (SSH), laparoscopic 
sacral hysteropexy, and laparoscopic uterosacral 
vault suspension. Deciding on which operative 
approach is difficult as there is a paucity of head- 
to-head comparison trials. 

SSH is the most studied vaginal technique 
with favorable outcomes. Most retrospective 
studies reported anatomical success rates between 
74 and 93 % with short- to intermediate-term 
follow-up [36]. A recent multicenter randomized 
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control trial by Dietz et al. compared TVH 
(n=31) with unilateral SSH (n=35) for stage 2—4 
uterine prolapse with an intention to treat analysis. 
These authors reported a higher proportion of 
recurrent apical prolapse in the SSH group com- 
pared to TVH at 1 year: 27 % versus 3 %, which 
they attributed to a higher stage of POP. No sta- 
tistical significance was detected for QOL or 
functional outcomes between the two groups 
although the time to return to work for SSH group 
was shorter [37]. 

Abdominal and laparoscopic sacrohystero- 
pexy provide similar outcomes to TH and SCP 
with the advantage of shorter operative time, 
blood loss, and length of stay. Failure rates are 
estimated between 0 and 22 % and mesh erosion 
between 0 and 4.1 % [36]. However, most of the 
data for subjective and objective outcomes for 
these prolapse procedures are from uncontrolled 
retrospective case series. Costantini et al. reported 
on a prospective non-randomized series of 72 
women comparing abdominal sacrohysteropexy 
(n=34) and SCP (n=38) alone. They reported 
shorter operating time in the uterine sparing 
group and although the rate of cystocele recur- 
rence was higher in this group, 14.7 % versus 
2.6 %, it did not reach statistical significance and 
no reoperations were performed for failures in 
either group [38]. 

The drawback with any uterine preservation 
technique is the requirement for lifelong surveil- 
lance for gynecological cancer. With a lack of 
definitive gold standard in uterine prolapse treat- 
ment, the operative approach will be dependent 
on multiple factors including compartments 
affected, patient’s age, comorbidities and perfor- 
mance status, desire for future fertility, patient 
preference, family genetics, and the surgeon’s 
skills set. 


Global Versus Site-Specific Repair 
for Rectocele 


Rectocele is a common clinical finding, often in 
association with other vaginal compartment 
defects with a prevalence of 50 % as reported by 
Olsen et al. Rectocele in isolation is less common 
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with an estimated prevalence of 7 % [39]. Most 
rectoceles remain largely asymptomatic and con- 
servative treatments with dietary modifications, 
stool softeners, vaginal pessaries, and/or pelvic 
floor therapy should be considered first. 
Symptoms related to a pronounced rectocele may 
include the presence of bulge, defecatory dys- 
function requiring digital manipulation (vaginal 
splinting), and/or sexual dysfunction. The exis- 
tence of a “rectovaginal septum” is controversial. 
Cadaveric studies by Richardson have demon- 
strated specific breaks within the “septum” result- 
ing in site-specific defects [40]. On the contrary, 
histological studies by Farrell et al. on “fascia” 
biopsies at the time of colporrhaphy demonstrated 
a layer that consists of moderately dense connec- 
tive tissue with smooth muscle similar to the deep 
aspects of the vaginal wall with a conclusion that 
the surgical “fascia” was an artifact of the surgical 
dissection [41]. Kleeman et al. reported similar 
findings on cadaveric studies with no evidence of a 
distinct septum identified [42]. 

Surgical management for rectocele is highly 
successful. Posterior colporrhaphy (PC) (with or 
without levator plication) is the most commonly 
used technique for repair with anatomical cure 
rates of 76-96 % [43, 44]. If surgical repair is to 
be considered, the impact on bowel and sexual 
dysfunction should be appropriately evaluated 
and the patient counseled accordingly, as rates of 
bowel dysfunction may not differ following sur- 
gery and postoperative dypareunia rates of 5—26 % 
have been reported [45, 46]. Levator plication 
should be reserved for nonsexually active women, 
as dyspareunia rates as high as 30 % have been 
reported [46]. For this reason, some pelvic floor 
surgeons have advocated for a more directed 
approach based on Richardson’s “septum” theo- 
rem with site-specific repairs (SSR) on the prem- 
ise of better functional outcomes. Anatomical 
cure rates for SSR have ranged between 56 and 
100 %. Abramov et al. from a large retrospective 
series reported that SSR (n=124) is associated 
with higher anatomic recurrence rate and lower 
subjective outcome (symptomatic bulge) com- 
pared to traditional PC (n=183): (11 % versus 
4 %, p=0.02) and (11 % versus 4 %, p=0.02), 


D. Lee and P. Zimmern 


respectively. Rate of postoperative dyspareunia 
(16 % versus 17 %) was not significantly different 
between the two study groups [47]. Paraiso et al. 
reported on 106 women with stage > II rectocele 
randomly assigned to PR (n=37), SSR (n=37), 
or SSR augmented with biologic graft. At 1 year, 
anatomical outcomes for PC (4/28; 14 %) and 
SSR (6/27; 22 %) were similar whereas those 
who received graft augmentation had a signifi- 
cantly greater anatomic failure rate (12/26; 46 %, 
p=0.02). There was no significant change in the 
rate of dyspareunia and overall sexual function 
improved significantly in all groups postopera- 
tively at 1-year follow-up (p<0.001), with no dif- 
ferences between groups [48]. From the current 
literature, native tissue repair with PC remains 
the gold standard and SSR is an acceptable alter- 
native [43]. 


Sling and POP Repair 


To sling or not to sling? That is the question. 
But the answer is not so apparent. It is well 
known that a certain population of women will 
have postoperative stress urinary incontinence 
(POSUI) associated with prolapse repair. 
Multiple publications have attested to this prob- 
lem but there is no easy solution. The estimated 
incidence of POSUI in women without preopera- 
tive SUI is estimated between 11 and 37 % [49, 
50]. In patients with OSUL especially in women 
with high-grade POP (stage > 3), the risk may be 
as high as 80 % [51]. The intervention rate due to 
obstruction following mid-urethral sling in one 
study with POSUI was 8.5 % [52]. How does one 
justify an additional procedure that will offer 
benefit and yet not over-treat those that do not 
require the surgery to begin with and expose such 
individuals to material risks and complications? 
This frequent situation presents a particular 
conundrum to all treating clinicians. There are 
three proposed approaches: (1) concomitant pro- 
phylactic anti-incontinence procedure for all 
patients undergoing POP surgery, (2) staged 
approach, and (3) selective approach based on 
clinical and urodynamic parameters. For those 
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who are in favor of prophylactic slings, we have 
level 1 evidence with the CARE trial. Women 
without significant symptoms of SUI on clinical 
evaluation who were randomized to receiving 
Burch urethropexy at the time of open abdominal 
SCP performed better than those without with 
respect to postoperative de novo SUI (6.1 % ver- 
sus 24.5 %, p<0.001), without attracting addi- 
tional risks at 3 months follow-up [53]. The same 
authors reported their 2-year data with a similar 
trend (32 % (Burch) versus 45.2 % (control), 
p=0.026) [54]. As cautioned by the authors, it is 
still a matter of debate as to whether these find- 
ings can be generalized to transvaginal route of 
prolapse repair and other associated anti- 
incontinence procedures. The OPUS trial aims to 
address this debate with a controlled study of 
planned accrual of 350 women, randomized to 
transvaginal prolapse repair with or without mid- 
urethra TVT sling [55]. Wei et al. reported on this 
recent data and concluded that prophylactic TVT 
during POP surgery resulted in superior conti- 
nence rates at 3 and 12 months. Number needed 
to treat was six patients to prevent one urinary 
incontinence at 12 months, but benefits were 
tempered by higher rate of postoperative compli- 
cations [56]. The counterpoint advocating for a 
staged approach favors the argument that there is 
scant high-level evidence evaluating clinical pre- 
dictors that determine which women may require 
and ultimately benefit from a concomitant anti- 
incontinence procedure. A study by Borstad et al. 
gave further credence to this approach within a 
multicenter randomized trial between evident 
SUI women managed with concomitant prolapse 
repair and sling and delayed retropubic sling sur- 
gery at 3 months following repair. Of the women 
in the delayed group, 44 % did not proceed to 
sling surgery as they either were cured of their 
SUI (29 %) or improved (15 %) following POP 
repair alone at 3 months and at 1 year [57]. And 
finally the principles of first do no harm-“primum 
non nocere” needs to be factored into any surgi- 
cal decision planning process. Anti-incontinence 
surgeries are not risk-free and a recent review by 
Daneshgari et al. reported on overall complica- 
tion rates on synthetic mid-urethral slings (MUS) 
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ranging from 4.3 % to 75.1 % for retropubic and 
10.5 % to 31.3 % for transobturator MUS, respec- 
tively. De novo dyspareunia rate was 1.3-7.3 % 
and mesh extrusion rates were 0-10.9 % [58]. 
Furthermore, Deng et al. utilizing data from the 
MAUDE (manufacturer and user facility device 
experience) website concluded that MUS com- 
plications may be underreported [59]. 

On balance, most clinicians will prefer to 
exercise a balanced approach based on selective 
identification of women who may be at risk of 
POSUI and offer these women concomitant sur- 
geries. Chaikin et al. reported from a small pro- 
spective study of 24 women that in 10 women 
with negative preoperative testing for SUI, none 
developed de novo SUI; and in the 14 women 
who tested positive for SUI on prolapse reduction 
and underwent sling surgery, 12 were cured and 2 
were failures [60]. Ballert et al. in a prospective 
study evaluated 105 patients who were treated 
with a sling based on objective evidence of OSUI 
on UDS criteria. They reported an 8.3 % compli- 
cation rate for obstruction in the sling group com- 
pared to an 8.5 % rate in those who required 
re-intervention for POSUI who had negative 
testing. Interestingly they also reported 30 % risk 
for POSUI in women with a history of SUI but 
negative urodynamics, suggesting that a remote 
history of SUI in the absence of clinical signs 
may also be a reason to consider an associated 
anti-incontinence procedure [52]. Liang et al. 
also reported similar trends when using OSUI on 
UDS with pessary reduction of high-grade pro- 
lapse as a predictor for POSUI. All women who 
tested negative did not develop POSUI and inter- 
estingly, of those that did and declined a TVT, 
65 % developed POSUI [61]. From the various 
publications, performing anti-incontinence proce- 
dures with evident SUI is a reasonable approach. 
This is congruent with the recently published 
AUA adult urodynamics guidelines [62]. 

While there may be many facets on both sides 
of the argument, ultimately the overriding clinical 
principle is a thorough preoperative counseling 
that offers the patient a balanced perspective on risk 
to benefit ratio based on clinical and investigative 
predictors such as urodynamic findings. 
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Sexual Function and POP 


Sexual dysfunction is common in women with 
POP but evidence on outcomes of sexual function 
following pelvic reconstructive surgery is lim- 
ited. A prospective study by Dua et al. evaluated 
postoperative sexual function in 123 sexually 
active women undergoing prolapse repair strati- 
fied into four groups: posterior repair, anterior 
repair, anterior repair with vaginal hysterectomy, 
and combined anterior and posterior repair. The 
electronic personal assessment questionnaire- 
pelvic floor (ePAQ-PF) was used to assess symp- 
toms and the authors reported that sexual function 
improved overall following pelvic reconstructive 
surgery, but greater improvement was seen fol- 
lowing anterior repair either alone or in combina- 
tion with a vaginal hysterectomy when compared 
with posterior repair [63]. 


Pain 


Pain following pelvic floor reconstruction sur- 
gery is inherent to both native tissue and mesh 
prolapse repairs. Anterior colporrhaphy has a 
5-9 % risk of dypareunia [24]. Posterior repair 
with levator plication is associated with dyspa- 
reunia rate as high as 30 % [46]. However, the 
advent of synthetic mesh and “mesh kits” with 
synthetic arm extensions into the ischiorectal 
fossa, transobturator foramen, and sacrospinous 
ligament for prolapse repair has given way to a 
new set of pain syndromes. De novo dyspareunia 
rate of up to 38 % has been reported following 
transvaginal mesh placement [64]. Withagen 
et al. attempted to identify risk factors for mesh 
complications and prospectively studied 294 
women treated with tension-free trocar-guided 
mesh kits for POP. They reported a postoperative 
dypareunia and de novo dypareunia rate of 45 % 
and 26 %, respectively, and predictors for 
both were preexisting pain preoperatively [65]. 
The exact mechanism leading to pain is unknown. 
A combination of nerve damage/entrapment and 
tension on vaginal or perivaginal structures as a 
result of scarring seems probable. Feiner et al. 
defined the biomechanical characteristic of 
“mesh contraction” and reported on a case series 
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of 17 women surgically managed with mesh 
excision. All subjects presented with intractable 
pelvic pain, global dyspareunia, and tenderness 
on pelvic examination associated with vaginal 
scarring. The reduction of pain postoperatively 
for pelvic pain and dypareunia was 88 % and 
64 %, respectively, with 12 % reporting persis- 
tent pain symptoms [66]. Groin pain is a recog- 
nized complication of trocar-based mesh systems 
in up to 4 % with transobturator mesh placement. 
Most pain occurs transiently but can be intracta- 
ble requiring extensive obturator dissection and 
mesh excision with variable success [67]. This is 
congruent with the FDA warnings that some 
complications are life altering and intervention 
“may or may not correct the complication.” 
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Materials for Pelvic Repair 


Tamer Aboushwareb 


Pelvic organ prolapse (POP), with or without 
stress urinary incontinence (SUI), is a major 
healthcare problem. Nearly 200,000 women 
undergo prolapse surgery in the United States 
every year [1] and the annual cost of pelvic floor 
surgeries is estimated to be over $1 billion [2]. 
Olsen et al. reported that the lifetime risk for an 
American woman to undergo a single operation 
for prolapse or incontinence is 11.1 % and that a 
second operation is needed in 29.2 % of cases [3]. 

However, traditional surgery for POP seems to 
have limited effectiveness in preventing recur- 
rences, and this disappointing result is due to the 
poor quality of tissues used. Recently, after the 
extended use of meshes in abdominal defects and 
hernias, application of meshed biomaterials for 
treatment of POP and SUI has been popularized 
with the hope of defining the most suitable bio- 
material for this purpose. 

Through the limited evidence available, it 
seems that the surgical repair of POP using vaginal 
meshes improves the outcome when compared to 
repair without the use of a mesh [4]. Maher et al. [5] 
suggested in their meta-analysis of the different 
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repair methods that the concept of using a 
polyglactin mesh for anterior vaginal wall repair 
decreases the recurrence of cystocele. 

In recent years, the use of grafts in gyneco- 
logical surgery has proven to mandate special 
considerations when compared to materials used 
in other surgical procedures. Most relevant of 
those is the fact that these meshes are required 
to provide support not only for a herniated sac 
during rest, but also allow normal, strenuous, 
and painless sexual activity. Another important 
factor is the higher risk of infections in these 
procedures due to the nature of the surgical site 
in the vagina [4]. 

Consequently, surgery for POP aims at restor- 
ing physiologic anatomy as well as preserving 
lower urinary tract, intestinal, and sexual func- 
tions. These factors combined together have 
proven to be a true challenge for the modern 
urologist. 

There are several points of debate within this 
problem, the most important of which are as 
follows: 

1. Approach: vaginal, abdominal, or combined? 
2. Is hysterectomy necessary or not? 
3. Biomaterial: what’s the most appropriate 

type [6]? 

Due to the large number of points and counter- 
points in all of those debates, we will focus only on 
the criteria, types, advantages, and disadvantages 
of the biomaterials used. 
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Rationale for Biomaterial Use 


In the past, large numbers of POP patients did not 
seek medical help; however, the number of 
patients seeking this help is increasing. This is 
mainly attributed to the improvement in available 
medical treatments and increased interest in the 
quality of life [7]. With the recent advances 
reported in the fields of tissue engineering and 
regenerative medicine, many technologies have 
emerged as possible treatment options for POP 
patients. Biomaterials have been central in those 
advances whether alone or in combination with 
cells. All approaches have focused on one of 
three goals: 

1. Bulking biomaterials to support sphincteric 
continence. 

2. Biomaterials that enhance local recruitment of 
autologous cells and maintain the tension 
needed for continence. 

3. Pre-cell-seeded scaffolds that can integrate 
with tissue and serve as a permanent support. 
There are four main outcomes for the evaluation 

of prolapse surgery illustrated by the following 

Venn diagram (Fig. 17.1): 

1. Anatomy of the anterior and posterior vaginal 
walls, vaginal vault, and perineum. 

2. Bladder, colon, and sexual function. 

3. Patient satisfaction and impact on quality of life. 

4. Avoidance of complications. 

The successful treatment of POP patients must 
fulfill all or most of these outcomes to be consid- 
ered as a viable alternative for management of 
those patients. The choice of the proper bioma- 
terial is integral to achieving these goals and 
successful management of POP. 


Definition of a Biomaterial 

A biomaterial is any natural or synthetic sub- 
stance that incorporates or integrates into a 
patient’s tissues during treatment. The ideal com- 
pound should be inert, sterile, noncarcinogenic, 
mechanically durable, noninflammatory, inex- 
pensive, easy to use, and withstand modification 
by body tissues. The purpose of a biomaterial 
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Fig. 17.1 Venn diagram. There are four main outcomes 
to evaluate prolapse surgery illustrated by the following 
Venn diagram. (1) Anatomy of the anterior and posterior 
vaginal walls, vaginal vault, and perineum. (2) Function 
of bladder and colon, and sexual function. (3) Patient sat- 
isfaction and impact on quality of life. (4) Avoidance of 
complications (From Lee, U. and S. Raz, Emerging con- 
cepts for pelvic organ prolapse surgery: What is cure? 
Curr Urol Rep, 2011. 12(1): p. 62-7, with permission of 
Springer Science + Business Media) 


is to perform, supplement, or replace a natural 
function that is attenuated or lost [8]. 


Criteria of Biomaterials 


Cumberland and Scales defined the criteria for an 

ideal implant material as [9, 10]: 

(a) It should cause minimal or no foreign body 
reaction (biocompatible). 

(b) It should mimic the original body strength 
and flexibility. 

(c) It should be easily tailored to the appropriate 
size at an affordable price. 

(d) It should allow native tissue integration with 
a permissible architecture. 

(e) It should be well-tolerated even within a 
contaminated or infected environment. 

(£) Local complication rates should be at a 
minimum. 
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To date, none of the biomaterials available 
meet all these criteria; however, many come 
close. The biochemical properties of biomaterials 
are determined by elasticity, viscosity, and plas- 
ticity. The biomaterial is said to be elastic when it 
regains its original shape after removal of a load 
without applying another load. When loading 
occurs for prolonged periods, some elongation of 
the material or tissue can occur depending on the 
viscosity of the material [11]. 


Difficulties Associated with 
Detecting the Best Material 


In order to estimate the ideal graft characteristics 
for repair of POP, understanding the biomechan- 
ics of the normal patient’s pelvic floor and its 
supports is useful; however, this is a difficult goal 
to achieve due to the size of tissue needed for 
testing. Usually only small biopsies can be 
obtained from normal women without prolapse 
and only strips of epithelium may be available 
from trimming of vaginal tissue as part of pro- 
lapse surgery. Also assessing cadaveric tissue has 
potential limitations such as age of donors, previ- 
ous medical or surgical history that can affect 
biomechanical properties, postmortem changes, 
and potential tissue disintegration [11]. 
Additionally, when assessing biomechanical 
properties of the genital tract alone, other vari- 
ables such as estrogen status, elastin, collagen, 
and genetic factors should be considered. 
Collagen and elastin content in tissue alter bio- 
mechanical outcomes. Collagen contributes to 
tensile strength and preliminary data indicated 
that collagenase activity was higher in women 
with SUI leading to increased urinary levels of 
collagen degradation products. This discovery 
revealed that the reduced collagen content repre- 
sents a systemic process in tissues of women with 
SUI even in other tissues not involved in support 
of pelvic organs [12]. Elastin on the other hand is 
important in elasticity of pelvic floor connective 
tissue, and preliminary data have demonstrated 
elevated proteolytic activity in skin and endo- 
pelvic fascia in women with SUI compared to 
continent women [13]. Selecting a suitable 
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biomaterial for prolapse or incontinence surgery 
should take these biochemical processes into 
consideration [14]. As an added level of com- 
plexity, the association of SUI with the onset of 
menopause suggests a role of estrogen [15]. 
There is also a threefold prevalence of SUI 
among first degree-related female patients sug- 
gesting the potential for predisposing genetic fac- 
tors [12, 16]. It is also important to note that 
different studies offer different definitions about 
“cure” in prolapse surgery. This is mainly due to 
the variability of symptoms of prolapse and the 
lack of standardized definitions of “cure” other 
than depending on improvement of patient’s own 
symptoms. 


Types of Biomaterials 


Biomaterials can be classified as either natural or 
synthetic. Natural biomaterials are typically acel- 
lular and may be autologous (harvested from the 
patient), allogeneic (harvested from cadaveric 
tissue), or xenogeneic (harvested from animal tis- 
sue). Synthetic biomaterials on the other hand 
differ in their degradation properties (absorbable 
or nonabsorbable), type of material (polyethy]- 
ene, polypropylene, polypropylene terephthalate, 
Gore-Tex), structure (woven, knitted), fiber type 
(monofilament, multifilament, monofilament/ 
multifilament), pore size, mechanical properties, 
shape, and surface characteristics [17]. 


Natural (Biological) Biomaterials 


The potential advantages for biologic materials 
compared with synthetic meshes include in vivo 
tissue modeling, histological similarity, and 
reduced erosion rates. An important problem 
with some biologic grafts is their rapid degrada- 
tion and lack of ability to provide long-term 
support to the grafted tissue [18, 19]. 


Rectus Fascia 

Rectus fascia has remained the reference standard 
for fascial slings since its reintroduction as a 
treatment of SUI with reported cure rates of 
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82-83 % at 3.5-7 years [20]. It remains popular 
due to its autologous nature, ease of harvest, and 
durable characteristics. However, disadvantages 
of using this material include wound infection, 
increased operative time, patient morbidity asso- 
ciated with graft harvest, limitation of the mate- 
rial size, and susceptibility to degradation if the 
underlying host pathophysiology is not resolved 
[21]. One of the studies (Haab et al.) [20] found 
that urinary retention was found in 10 % of rectus 
fascia series slings used in women with SUI. 
This finding indicates that collagen degradation 
is systemic and implanted autologous tissue may 
lose durability over long time. 


Fascia Lata 

Fascia lata harvests can provide long specimens 
that are uniform in thickness while concurrently 
avoiding abdominal incision and subsequent risk 
of hernia. However, there is still long operative 
time, possibility of wound infection, susceptibil- 
ity to degradation, as well as the possibility of 
peroneal nerve entrapment. This material also 
carries the risk of lack of experience of urologists 
with the harvest area [14]. 


Cadaveric Allografts 

The goal of using this material is to decrease the 
morbidity, operative time, and complications 
seen with harvesting autologous fascia. Cadaveric 
fascia and dermis are the two most widely used 
materials from cadavers. 

Strict criteria have to be met before donor har- 
vesting. This usually includes a physical exami- 
nation, screening for infectious pathogens 
(hepatitis B and C and human immunodeficiency 
virus), in addition to a brief medical and social 
review of the donor and family. The review usu- 
ally targets previous bacterial sepsis, collagen 
vascular diseases, rabies, cancer, and intravenous 
drug abuse [14]. All tissue allografts must be har- 
vested within 24 h of death, as regulated by the 
Food and Drug Administration (FDA). They must 
be retrieved under complete aseptic conditions and 
cultured to rule out bacterial infection before being 
placed in temporary ice storage [22]. 

Although good cure rates (65-98 %) with 
allograft slings have been reported [23], several 
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other groups have reported high failure rates, 
with 20-38 % rate of dissolution of the cadaveric 
tissue [24, 25]. The reason for this discrepancy 
could possibly be due to variation in fascia 
integrity regarding tensile strength, collagen fiber 
orientation, region of harvest, donor’s age, sex, 
and genetic background [14]. 

To remove the cellular content and sterilize the 
tissue while retaining structural integrity of the 
tissue is a multistep process involving irradiation, 
freeze-drying, or solvent dehydration, as reviewed 
by Gallentine and Cespedes [26]. However, con- 
troversy still exists as to whether irradiation and 
freeze-drying affect the strength of allograft col- 
lagen cross-linking. To date, no difference was 
noted between irradiated and nonirradiated fascia 
lata [27]; however, Lemer et al. [28] noted that 
freeze-dried fascia had 25 % less maximal load to 
failure than autografts or differently prepared 
allografts. These issues may still present a chal- 
lenge for the wide use of these materials over 
larger populations of patients. 


Xenograft 

These grafts are harvested from animals (mostly 
porcine) and processed to remove all cellular 
components. Some examples of these grafts 
include small intestine submucosa (SIS) and der- 
mis. Xenografts are strictly controlled by the 
FDA guidelines. These regulations include 
knowledge of the animal herd, vaccination status, 
feed source, and bovine spongiform encephalop- 
athy clearance [19]. Surgisis (SIS, cook) and 
Pelvicol (Acellular Dermis, Bard) are common 
examples of xenogenic implants. Both products 
are extracted from porcine donors and undergo 
rigorous processes to ensure complete decellu- 
larization of the materials before human use. 
Both products claim retention of different growth 
factors like TGF-beta and FGR-2. 

As these products are not cross-linked, they are 
easily remodeled and gradually replaced by host 
tissue. The rate of xenograft degradation usually 
ranges from 4 to 12 weeks and then it is fully 
replaced by normal regenerated tissue [29-31]. 

Because of the rapid tissue incorporation and 
minimal rate of infection, porcine SIS and der- 
mis are promising biomaterials for pelvic floor 
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reconstruction [14]. Collagen and other growth 
factors act as a signal for local epithelial cells to 
proliferate, causing a colonization of the SIS graft 
that promotes tissue healing without scarring. 
SIS produces the highest stimulus for the forma- 
tion of collagen fibers around the graft [32]. 
Rutner et al. [33] demonstrated 93 % cure rate 
using SIS in 152 patients at 4 years, with no graft 
erosion or infection. A randomized comparison 
between porcine dermis sling and tension-free 
vaginal tape (TVT) found SUI cure rates of 
85-89 % at 12 months, respectively [34]. 
However, a study by Ho et al. [35] indicates a less 
favorable outcome with SIS. In recent years, 
there has been more data emerging condemning 
the use of biomaterials in general (natural and 
synthetic) into higher rate of serious complica- 
tions than previously reported. Recently, the FDA 
has issued a report warning patients against the 
use of meshes for SUI and POP repair unless 
highly indicated and with special risk criteria. 
However, many studies in the recent years have 
shown that the risks of use of such biomaterials 
are still acceptable and that when properly indi- 
cated, the use of meshes is still the most appropri- 
ate procedure for these patients [36-38]. A 
recently introduced approach makes use of 
regenerative medicine technologies along with 
naturally derived biomaterials to create a more 
biological method of repair for POP patients. The 
use of regenerative medicine has been popular- 
ized and is under investigation in many laborato- 
ries across the globe in hopes of creating an 
appropriately seeded biomaterial that not only 
repairs but also helps regenerate the area needed 
for long time success [12]. In the near future, it is 
expected that regenerative medicine technologies 
will provide the “perfect” seeded material for 
management of POP and SUI patients. 


Synthetic Biomaterials 


Surgical repair for POP patients usually involves 
repair of defects using native tissues. Due to 
this fact, failure rates are sometimes high due to 
the qualitative insufficiency of the tissues used. 
The native tissue usually shares the same 
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decreased collagen content as the prolapsed tissue 
making it necessary for re-enforcement using 
synthetic materials. 

These materials enforce the anatomical posi- 
tion, but they also induce an inflammatory reac- 
tion which can be chronic and potentially fibrotic 
[39]. This chronic inflammation results from the 
persistent remodeling of the connective tissue 
around the implant. This degree of reaction 
depends on the chemical and physical structure 
of the implant, as well as the amount of material 
and surface of the contact-area with the host; it 
can vary greatly according to the type of material 
used [40]. 

Thus, biomaterials have been classified into 
four groups according to pore size [41]: 

1. Type I: macroporous with pores larger than 

75 um. 

2. Type II: microporous with pores less than 10 pm 
in at least one of their three dimensions. 

3. Type III: macroporous with multifilamentous 
or microporous components. 

4. Type IV: submicronic pore size. 

The pore size allows the host tissue to infiltrate 
and lay down a new collagen-based scaffold, 
which proves to be important for graft incorpora- 
tion, erosion, and infection rates. Based on the 
previously mentioned classification, type I bioma- 
terials are composed mainly of polypropylene 
monofilament with pore size more than 75 pm. 
These materials allow integration of fibroblasts 
and collagen to anchor the implant within the 
native tissue and for immune cells to scavenge for 
bacteria [42]. Type II biomaterials are multifila- 
ment with pores less than 10 um. These materials 
allow passage of bacteria (usually 2 um or less) 
but not leucocytes (9-15 um) and macrophages 
(16-20 um), which are both important for clear- 
ing an infection [43—45]. This property renders 
these materials less likely to be used in cases 
where infections are expected. Type III biomateri- 
als are composed of polyester multifilaments with 
microporous components in at least one of the 
three dimensions, which don’t allow macro- 
phages or polymorph-nuclear cells to enter. Type 
IV biomaterials are coated with silicone and have 
pores smaller than | pm [14]. Iglesia et al. 
reported that multifilament polypropylene 


206 


T. Aboushwareb 


Fig. 17.2 Surgipro multifilament (top left and right) 
(x38; Auto Suture European Services Centre, Elancourt, 
France), and Marlex (a; Bard, Haasrode, Belgium) which 
is monofilament material; figure (b) shows at larger mag- 
nification the effect of multifilament weaving (From 


meshes (pore size< 10 um) were at higher risk of 
infection than monofilament polypropylene 
meshes (pore size>75 um) due to difference in 
pore size of the mesh [46—48]. It has also identi- 
fied that dead space between the mesh and host 
tissue, which contributes to seroma formation, is 
minimized by large pore type I synthetic bioma- 
terials. Thus, type II and III meshes are usually 
removed in case of infection while with type I 
biomaterials, infection can be managed by local 
drainage and secondary healing [49]. One of 
the strategies implemented to reduce the possi- 
bility of infection is the use of a mesh embed- 
ded with antimicrobial agents. Such a mesh may 
prevent bacterial adhesion and colonization with 
reduction of intraoperative and postoperative 
infections [4]. 


Deprest J., C.F., Zheng F., Konstantinovic M., Spelzini F., 
Guelinckx I., Pottier C., Verbeken E., De Ridder D., 
Synthetic and biodegradable prostheses in pelvic floor 
surgery. International Congress Series, 2005. 1279: p. 
387-397, with permission) 


Macroporous (type I) monofilament materials 
have been preferred in the clinical practice for 
decades. Polypropylene is the most commonly 
used fiber to construct strong, inert implants. The 
majority of clinically available materials are 
monofilament with limited local side effects such 
as infection and seroma formation. However, it 
can also be used to weave other types of fabrics 
as Surgipro (Tyco), which is a typical monofila- 
ment product but is also available as a multifila- 
ment mesh (Fig. ). 

Synthetic biomaterials can also be classified 
by their durability into (a) nonabsorbable materi- 
als [e.g., Prolene (Ethicon, Somerville, NJ, 
USA), Marlex (Bard, Cranston, RI, USA), 
Atrium (Atrium, Hudson, NH, USA), Gortex 
(Gore, Flagstaff, AZ, USA), Mersilene (Ethicon, 
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Somerville, NJ, USA), and Teflon (DuPont, 
Wilmington, DE, USA)] and (b) absorbable 
materials [e.g., Vypro, Vicryl (Ethicon, 
Somerville, NJ, USA)]. A prospective random- 
ized controlled trial comparing fascia lata and 
synthetic mesh for sacral colpopexy showed level 
one evidence for increased durability of POP 
repair with nonabsorbable meshes [50]. 

Other physical properties required in a bioma- 
terial are flexibility and strength. The flexibility 
of an implant depends on individual stiffness of 
its yarns, pore size, and knitting procedure of the 
implant. Implants with larger pores are more flex- 
ible than the ones with smaller pores; also multi- 
filament meshes are usually more flexible than 
monofilament meshes. A stiff non-flexible implant 
may wrinkle and fold causing local pressure, 
erosion, and pain which would contradict the 
original requirement of being biocompatible with 
the native tissues [51, 52]. 


Use of Biomaterials in Different 
Approaches of Surgery for POP 


Studies have reported use of prosthetic materials 
in different approaches (abdominal, vaginal, and 
laparoscopic) and in different vaginal compart- 
ments (anterior, posterior, and apical) for treat- 
ment of POP. They have been effectively used 
for abdominal sacrocolpopexy with minimal side 
effects. However, a strong debate still exists about 
their use for transvaginal repair of prolapse. The 
most recent FDA warning has sparked more active 
research into the efficacy and safety of using these 
meshes in patients with POP and SUI. 


Abdominal Sacrocolpopexy 


Abdominal sacrocolpopexy has undergone 
numerous modifications over the years. Those 
included the type of prosthesis used and place- 
ment onto the anterior and posterior walls of the 
vagina [48, 53, 54]. In a recent comprehensive 
review of 98 articles on abdominal sacrocolpo- 
pexy, the success rate (when defined as lack of 
apical prolapse postoperatively) was 78-100 %; 
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however, when it was defined as no postoperative 
prolapse, success rate was 58—100 %. The follow-up 
duration in this study ranged from 6 months to 3 
years and the median rate for a second operation 
was 4.4 % [54]. 

Culligan et al. [50] asserted that polypropyl- 
ene mesh (91 % cure) was better than cadaveric 
fascia lata (68 % cure) for abdominal sacrocolpo- 
pexy (p=0.007) at 1 year of follow-up. 

FitzGerald et al. [53] also noted poor anatomic 
outcomes (a failure rate of 83 % at 17 months) 
when freeze-dried, irradiated donor fascia lata 
was used for abdominal sacrocolpopexy as com- 
pared to a near perfect success rate of polypro- 
pylene meshes. 


Vaginal Repair of the Anterior 
and Posterior Compartments 


Most studies reported on the use of synthetic bio- 
materials in vaginal repair of POP patients have 
reported good to excellent outcomes. However, 
most of these have been short-term studies and 
the rate of complications observed may not repre- 
sent an accurate figure. A retrospective analysis 
by Flood et al. [55] of 142 women using Marlex 
revealed a success rate of 100 % with mean fol- 
low-up of 36 months, with no prosthetic-related 
complications. On the other hand Dwyer and 
O’Reilly [56] used a polypropylene prosthesis 
(Atrium) in the anterior and posterior compart- 
ments and showed a recurrence rate of 6 %. 

De Tayrac et al. [57] reported a recurrence rate 
of 8 % and erosion rate of 8.3 % using polypro- 
pylene prosthesis on 87 women with a mean fol- 
low-up of 24 months. Milani et al. [58] reported a 
prospective observational cohort of 63 women 
who had anterior and posterior colporrhaphies 
using polypropylene mesh with excellent ana- 
tomic outcomes after 12 months of surgery but 
the rates of worsening dyspareunia reached 20 % 
for those who had anterior mesh repairs and 63 % 
for posterior mesh repairs. 

Based on these results, the use of synthetic 
biomaterials for POP repair has excellent short- 
term outcomes; however, long-term studies are 
required to detect which is the best biomaterial 
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with the least adverse effects and whether 


biological or synthetic materials are superior for 
use in treatment of POP. 


Complications of Use of Prostheses 
in Pelvic Reconstructive Surgery 


Multiple mesh complications have been reported 
in the literature that include vaginal wall expo- 
sure, vaginal pain, induration, bladder and ure- 
thral erosion, dyspareunia, vaginal mesh-related 
infections (bleeding, discharge, nonspecific 
pelvic pain, urinary and fecal incontinence), leg 
pain, neuropathy, and difficulty in walking. These 
complications have mostly been attributed to 
age-related changes of the vagina over time [59]. 
Various factors affect the development of mesh- 
related infections such as the kind of biomaterial 
used (pore size, filament structure), type of pro- 
cedure (abdominal, vaginal, or laparoscopic), the 
preventive measures taken, age, and associated 
comorbidities of the patient [57]. Mesh erosion is 
one of the most important complications in the 
use of prostheses. The rate of such complication 
has been much higher in type II and type III 
(multifilament) synthetic materials reaching up 
to 20-30 % [60, 61]. On the other hand, the rate 
of erosion decreases to 0.5-5 % by using type I 
(monofilament) synthetic materials [62]. The 
erosion rate has been reported to vary in different 
materials: 0.5 % for polypropylene, 3.1 % for 
polyethylene terephthalate (Mersilene; Ethicon, 
NJ, USA), 3.4 % for Gore-Tex (Gore, Flagstaff, 
AZ, USA), 5.0 % for polyethylene (Marlex; Bard, 
Billerica, MA, USA), and 5.6 % for Teflon 
(DuPont, Wilmington, DE, USA) [54]. These 
results show that using the proper synthetic bioma- 
terial may drastically decrease the risk of compli- 
cations and result in very successful repair for the 
patient. Biological grafts on the other hand have a 
small risk of prion or viral infection that is esti- 
mated to be approximately 1 in 2 million [63]. 
Synthetic grafts have an overall higher success 
rates, but they also have higher erosion rates than 
biological materials. Current evidence based on 
available studies suggests that the use of mono- 
filament macroporous polypropylene has the 
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lowest incidence of infection and erosion when 
compared with other nonabsorbable meshes [64]. 
Other studies have shown that changing the sur- 
gical approach may also affect the rate of erosion 
even within the same material [65]. Visco et al. 
[65] analyzed Mersilene mesh erosion in 273 
women who had undergone sacrocolpopexy or 
sacral colpoperineopexy and found that the risk 
was 3.2 % for abdominal sacrocolpopexy and 
4.5 % for abdominal sacral colpoperineopexy. 
These results suggest that even though the risk of 
infection and erosion still exists with the use of 
synthetic biomaterials, the rate of complications 
can be drastically reduced by proper patient and 
biomaterial selections. Level one evidence for the 
exact rate of complications associated with these 
materials is still required to make a final decision 
on the appropriateness of their use [12, 38, 66]. 


Conclusion 


Although several studies have demonstrated that 
both polypropylene and xenograft are promising 
materials for pelvic floor reconstruction and SUI 
treatment, level one evidence and long-term out- 
comes of prospective randomized trials for the 
use of biomaterials in pelvic floor prolapse are 
still needed. To date, no clear results have been 
reached in published studies about the best bio- 
material suitable for any given pelvic floor 
defect [14]. 

Studies concerned with the biomechanical 
properties of each material have not proven to be 
sufficient to make this distinction. This is likely 
due to the fact that the behavior of the graft once 
implanted is usually different from the ex vivo test 
results. Another caveat is that studying the 
implanted material does not take into consider- 
ation the effect of regenerated or fibrotic surround- 
ing tissues [11]. A final major issue is the fact 
that animal models for testing these materials do 
not test the flexibility needed to prevent vaginal 
complications once implanted. 

The availability of different types of biomate- 
rials, whether natural or synthetic, has expanded 
the options for management of SUI and POP. 
However, one has to take into consideration that 
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the ultimate goal of treatment is to restore the 
physiological anatomy while incurring minimal 
side effects. The choice of the proper biomaterial 
is problematic due to the discrepancy of adverse 
events associated with different biomaterials, 
including cost, unexpected host response, risk of 
infection with xenografts [21], and increased 
morbidity and operative time for allografts. Other 
complications such as mesh erosion and dyspa- 
reunia are more common in synthetic grafts but 
can present in all cases on occasion [67]. 

The field of regenerative medicine may provide 
the correct path towards a combination (hybrid) 
biomaterial that could possess the benefits of both 
natural and synthetic materials [12]. Some studies 
have already shown that hybrid biomaterials con- 
sisting of type I collagen and PLGA can provide 
the correct properties of replacement tissues with 
the suitable biomechanical and biochemical char- 
acteristics as well as the feasibility of controlling 
the fiber diameter according to demand [68, 69]. 

There still exists a strong need for better and 
more appropriate biomaterials and identification 
of the optimal surgical approach. The quest for 
the ideal biomaterial is far from over and our only 
hope is to understand the needs of diseased tissue 
and pursue the right combination of materials to 
address these needs. Ideally, biomaterial would 
be developed that would provide the right tensile 
strength and flexibility while maintaining a natu- 
ral tissue response that is not harmful to the 
patient. Longer-term studies are also needed to 
confirm the suitability of the currently used bio- 
materials for the management of SUI and POP 
patients. Until more appropriate level one evi- 
dence to the contrary, the use of the currently 
available biomaterials and meshes will continue 
to serve as an appropriate method of treatment 
for these patients [12, 70]. 
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Introduction 


Genital prolapse requiring surgery occurs roughly 
in one in ten women. The majority of these sur- 
geries occur in the anterior compartment which is 
very vulnerable to recurrences. Primary surgery 
can itself prove problematic because the majority 
of cystoceles are treated with ‘standard’ midline 
fascial plication repairs in contrast to the anatom- 
ical defects which can be diverse in location (lat- 
eral paravaginal, midline fascial or apical). It is 
little surprise that in the 2001 study published by 
Weber et.al. comparing three different anterior 
repair procedures with a 23-month follow-up [1] 
reported up to a 70 % failure rate after a ‘stan- 
dard’ anterior repair. 

A robust anterior compartment repair should 
have the potential to support midline, paravagi- 
nal and apical portions of the anterior fascial 
hammock that support the urinary bladder. 
Cystocele repairs have traditionally been per- 
formed vaginally as these operations are inher- 
ently difficult to perform laparoscopically or 
transabdominally. Midline fascial plication 
repairs have never been reported via the 
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abdominal route. It is important to appreciate 
that the results of both ‘augmented? mesh 
repair (mesh overlay) and mesh ‘replacement’ 
(needle kit) grafts are typically encouraging in the 
short term and only studies with longer than a 
year’s follow-up reveal the true picture [2]. 

In view of the high rates of post-operative 
recurrence with fascial and mesh overlay repairs, 
there was a genuine need felt to design an opera- 
tion that could effectively address all ‘parts’ of 
the anterior hammock with or without the use of 
graft. This led to the invention of the needle- 
driven kits like PERIGEE™ (American Medical 
Systems, MN; Fig. 18.1). The idea was to use 
helical needles through the obturator foramen 
and place a new hammock that would effectively 
address multiple defects in the fascial hammock. 
Anterior PROLIFT™ (Johnson and Johnson, NJ) 
worked on a similar principle. 


Indications: Symptomatic/Voiding 
Dysfunction 


The main indication for an anterior repair should 
be a symptomatic prolapse POP-Q stage 2 or 
greater. We use mesh kits in our unit only for 
stage 3 and 4 cystoceles and mainly for recur- 
rences. We tend to avoid use of grafts in smaller 
cystoceles principally because the defect is small 
and dissection to the sacrospinous ligament is 
technically difficult predisposing to cystotomy 
and bleeding complications. In addition the precut 
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Fig. 18.1 Perigee system 


mesh is typically large in surface area relative to 
the size of the prolapse, which may lead to bunch- 
ing of mesh edges and symptomatic post-operative 
complications like mesh exposure and mesh- 
related pain. A smaller prolapse also indirect indi- 
cates partially intact fascial support and is 
typically best treated with a fascial repair. 


Case Selection: Stage 3 and 4 
Cystoceles and Recurrences 


Cases for mesh repairs should be selected care- 
fully. It is important that a conscious effort be 
made to ensure that the leading edge of the pro- 
lapse is beyond the level of the hymenal ring. We 
avoid the use of mesh in patients with previous 
irradiation, in poorly controlled diabetics and 
patients on high-dose immunosuppressants or 
corticosteroids. There is a small group of patients 
who do not want ‘foreign material’ used in their 
repairs—such patients should never be subjected 
to a mesh repair. 
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Special Instruments/Retractors/ 
Suture Materials 


In our unit we tend not to use elaborate surgical 
equipment for either conventional surgery or for 
transvaginal mesh kit repairs. A Scott retractor is 
usually very handy. Although in recent times there 
has been a tendency to use the Lone Star™ 
Retractor System (Cooper Surgical, CT) for com- 
plicated vaginal repairs and mesh surgery, it is our 
practice to keep instrumentation simple and to a 
bare minimum. Apart from tissue holding forceps, 
sharp dissecting scissors and a good needle holder 
we do not insist upon any other special surgical 
tools. We also use standardised sutures and closure 
techniques. Our preference is to use 2/0 Vicryl for 
vaginal closure after all repairs, reserving 2/0 PDS 
for fascial repairs and mesh anchoring stitches. 


Anaesthesia 


The surgical time for most anterior compartment 
vaginal surgeries is around 30 min hence general 
anaesthesia is our preferred option. Surgeries 
under a spinal anaesthetic usually mandate the 
post-operative placement of an indwelling cathe- 
ter, which delays our algorithmic ‘trial of void’ 
protocol and makes it problematic to ensure an 
ambulatory day surgery ethos [3, 4]. 


Positioning of Patient: Lithotomy 


It is important that the surgeon either supervises or 
personally arranges the patient position. The use of 
hydraulic gas-aided stirrups makes adjusting 
patient position easier but also can lead to an asym- 
metric positioning of legs or excessive lithotomy. 


Surface Anatomy 


Following on from patient positioning, it is 
important to mark surface anatomy of the patient 
on each side so that asymmetric positioning of 
“Yellow-fin’ stirrups does not adversely affect 
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(appropriate) siting of stab incisions during 
needle insertion and by corollary cause improper 
mesh placement. 

We have abandoned a standardised approach 
to siting skin incisions and tend to individually 
vary them based on particular surgical require- 
ments. The former ostensibly makes the opera- 
tion appear simpler and more marketable, but the 
use of surface anatomy markings to individualise 
placement of incisions helps prevent complica- 
tions. Using an indelible marker, the marking of 
the lower border of the adductor longus tendon 
and the genito-crural fold is outlined. The entry 
point (the ‘first point’) for the ‘outside-in’ tran- 
sobturator needles or exit point for the inside-out 
transobturator tapes is at a point below the adduc- 
tor longus tendon and medial to the genito-crural 
fold. This, in our opinion, measurably reduces 
tendon-related groin pain after surgery. On a 
related note, the aforementioned point on surface 
marking also serves as a guide to direct the trajec- 
tory of the needle when using ‘minislings’. 

The ‘second point’ that needs to be identified 
is the lowermost portion of the obturator fora- 
men. This is marked by palpating the ischial 
tuberosity and using one’s fingers to ‘walk up’ 
from this bony prominence till a distinct ‘give’ of 
the soft tissue over the obturator foramen is felt. 
This represents the lowermost portion of the 
obturator membrane. We tend to utilise this point 
to easily access the area around the ischial spine; 
this is useful for guiding transobturator needles 
mesh kits. By joining the first to the second points 
outlined above, one begins to appreciate the ori- 
entation and margin of the obturator foramen. 
This is particularly useful in defining the distance 
of the driving point of the helical needles from 
the obturator vessels (usually about 4.5 cm) con- 
stantly providing a visual feedback (point of ref- 
erence) to the surgeon. This is especially 
important in difficult and obese patients when it 
is all too easy to ‘lose’ the needle when it tra- 
verses the obturator fossa. The movement of the 
needle tips is counter-intuitive; the needle tip 
moves away from the target location as the exter- 
nal handle is moved towards the surgeon. Needle 
vacillation is extremely dangerous and a docu- 
mented cause of major pelvic vascular and 


visceral laceration. It is therefore imperative that 
the handle is kept ‘flush’ (in close contact) with 
the patient’s obturator foramen and an attempt 
made to ‘visualise’ the three dimensional move- 
ment of the needle tip within the confined space 
between the obturator foramen, the sacrospinous 
ligament and the lateral pelvic wall. 

Finally, prior to making an incision and in 
order to get a general idea of the topography of 
the pelvic structures, it is good practice to per- 
form gynecologic pelvimetry, which helps assess 
the sub-pubic angle for adequacy of access, the 
accessibility of the ischial spines and the sacro- 
spinous ligaments. These are the important land- 
marks that need to be identified prior any kind of 
pelvic floor reconstruction. 


Instructions for Use 


Stepwise Approach to Any Type 
of Vaginal Repair Surgery 


We recommend the use of hydrodissection in all 
cases of vaginal repair surgery. This involves the 
use of Marcaine (0.5 %) with 1 in 200,000 
Epinephrine; a volume of 20 millilitres (mL) 
diluted with 20 mL of normal saline per ‘com- 
partment’. Hydrodissection allows the surgeon to 
get in the right surgical plane in a bloodless man- 
ner (Fig. 18.2). Not only does it help in develop- 
ing the natural, relatively avascular tissue planes 
in the pelvic floor, it also facilitates proper mesh 
placement, reducing the risk of visceral or neuro- 
vascular damage. In addition hydrodissection 
facilitates full thickness vaginal dissection and 
development of the paravesical space towards the 
ischial spines and sacrospinous ligaments [5]. We 
tend to follow the ‘grey bubble’ (Vincent Lucente, 
personal communication) which is the appear- 
ance created by the infiltrated fluid as it dissects 
the fascia off the viscus helping define the correct 
plane of dissection (Fig. 18.3). Sharp and blunt 
dissection is carried out in this plane that lies 
between the fascia and the serosa of the prolaps- 
ing viscus, NOT between the vagina and the fas- 
cia (Fig. 18.4). Dissection in the later plane leads 
to ‘vaginal skinning’ which regrettably, has for 
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Fig. 18.2 Hydrodissection 


Fig. 18.3 Follow the ‘grey bubble’ 


many years, been part of the standard technique 
for fascial repair. In some ways mesh surgery is 
counter-intuitive involving a degree of relearn- 
ing, because it does mandate deeper dissection 
and placement of the mesh on the viscus—fascia 
interface rather than superficial fascia—vaginal 
skin plane. 

Full thickness dissection not only permits 
adequate dissection of the bladder laterally to 
allow access to the obturator membrane and the 
sacrospinous ligament, it also allows sufficient 
dissection of the bladder from its attachment to 
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Fig.18.4 ‘Four point hold’ 


Fig.18.5 Apical anchoring suture 


the cervix or the vaginal vault (Figs. 18.4 and 
18.5). This is a critical step for both mesh 
replacement and native tissue surgery. We 
employ sharp dissection at the base of the blad- 
der with Metzenbaum scissors prior to the dis- 
section of the tissues lateral to it, using gentle 
sweeping movements with the index finger from 
the lateral to medial aspect; keeping the pressure 
laterally prevents inadvertent bladder trauma. 
The tissue planes between the viscus and the lat- 
eral pelvic wall can usually be developed effi- 
ciently with a combination of blunt and sharp 
dissection. The foregoing techniques are usually 
sufficient to ensure that the mesh lies directly 
abutting the serosal surface of the prolapsing 
viscus, effectively reducing the incidence of 
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Fig. 18.6 Sacrospinous anchor loaded on to Orange nee- 
dle and sheath 


vaginal mesh exposure without increasing 
visceral mesh erosion. In addition this technique 
meets the core requirement of reducing the pro- 
lapse of the affected organ—not of its envelop- 
ing fascia/vaginal skin (M. Cosson, personal 
communication) [5]. A key element in all needle- 
driven mesh procedures is ‘anchorage’; in the 
anterior compartment, this takes the form of a 
‘four-point anchor’ inserted, respectively, into 
the obturator internus muscles and sacrospinous 
ligaments of either side, essentially mimicking 
the native fascial bladder hammock. This ana- 
tomical reproduction of Delancey’s supports has 
been made possible with mesh surgery and is 
pivotal to its success (Figs. 18.6, 18.7, 18.8 and 
18.9). The sacrospinous ligament forms the cor- 
nerstone for mesh surgery in both the anterior 
and posterior compartments-—it is relatively avas- 
cular, has a fixed anatomic location with well- 
circumscribed boundaries, identifiable even in 
obese women or in the elderly, and acts as a 
sturdy anchor. The sacrospinous ligament is 
approached through the ‘anterior approach’, a 
technique that is essential for mesh surgery in 
the anterior compartment and which most pelvic 
floor surgeons can relearn [6, 7]. 

The mesh should be placed in situ in a 
‘tension-free’ manner (Fig. 18.10) and there is no 
need to excise vaginal skin (minor trimming for 
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Fig. 18.7 Sacrospinous anchor being inserted (Note: 
Handle parallel to floor) 


Fig. 18.8 Sacrospinous anchors in place 


purposes of aligning the edges is acceptable). 
Oftentimes after vaginal closure, the operated 
area appears ‘visually unpleasing’ as if the pro- 
lapse has not been reduced at all—this in fact is 
an indirect indicator of appropriate mesh tension- 
ing (Fig. 18.11) [5]. The beauty of mesh surgery 
lies in the fact that it factors in the concept of 
vaginal remodelling that allows surrounding 
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Fig. 18.9 Upper anchor in obturator internus 
muscle 


Fig. 18.10 Mesh locked in place 


tissues to restructure in much the same way that 
the vagina involutes to its pre-pregnancy state 
following vaginal birth [8, 9]. 

It is important to appreciate that every ‘nee- 
dle’ in every ‘kit’ is different; there is a variety to 
choose from—helical needles, open curve nee- 
dles, self-retrieving needles, needles with inner 
and outer sheaths. It is imperative that surgeons 
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Fig. 18.11 Final result—‘visually unpleasing’ 


have a detailed knowledge of anatomy to ensure 
surgical safety and therefore it is recommended 
that surgeons new to mesh surgery follow a ‘three 
step training program’ before using mesh. Step 1 
usually involves cadaveric dissection and didac- 
tic teaching, which is then followed by preceptor- 
ing at the trainer’s facility and finally proctoring 
at the nouveau surgeons operating rooms. 
Understanding the needle curvatures, the direc- 
tional reversals of the needle tips with respect to 
the handles (this tends to be counter-intuitive) 
and last but perhaps most importantly, appreciat- 
ing the spatial relationships within the three- 
dimensionality of female pelvic anatomy is 
paramount and effectively prevents major vis- 
ceral and vascular injuries [5, 10]. This relatively 
new technology has not had the benefit of many 
robust randomised controlled trials or case- 
controlled studies done to address the pros and 
cons [11-14]. The proliferation of different types 
of synthetic and biologic meshes without com- 
prehending their individual biodynamics could 
lead to delayed complications [13-23]. 


PERIGEE™ (American Medical 
Systems, MN) 


The PERIGEE™ was the first needle-driven 
mesh replacement system introduced in 2003 to 
improve upon the results of anterior compartment 
fascial and mesh-augmented (mesh overlay) 
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repairs. Mesh-augmented surgery was fundamen- 
tally inferior because these afforded little or no 
‘anchorage’ and failed to provide “arcus-to-arcus’ 
support defined in John Delancey’s seminal work 
on pelvic organ support [24]. 


The Superior or Pink Needles 


At the commencement of the procedure, an 
important landmark to look out for is the bladder 
neck. Surface marking is carried out as discussed 
earlier. We perform all our anterior compartment 
repairs below the level of the bladder neck. This 
is marked by identifying the prominent sulcus at 
the point where the urethra meets the bladder or 
with the use of a Foley catheter balloon espe- 
cially if anatomical landmarks are indistinct or 
have been obscured by previous surgery. In our 
opinion, avoiding dissection around the bladder 
neck potentially reduces the incidence of post- 
operative voiding dysfunction; therefore, a con- 
scious effort needs to be made to stay above it for 
a sub-urethral sling and below it for an anterior 
compartment repair. A ‘dry pass’ is made outside 
the pelvis to get an idea of the position of the 
needle and its likely range of movement inside 
the pelvis. The needle is usually held at 45 ° to 
the vertical and the handle has to be pressed 
against the skin of the obturator foramen flush 
with the patient avoiding the tendency to draw 
the handle towards the operator. This technique 
ensures that the needle tip remains close to the 
inner aspect of the obturator internus/membrane 
rather than going deeper and vacillating in the 
pelvis around vital structures. The helix further 
prevents needle vacillation and protects the blad- 
der and the obturator vessels. Tunnels of about 
5 mm are created inferior to the ischiopubic rami; 
this allows palpation of the needles as they exit 
through the obturator fossa. These tunnels are 
dissected in a “cone’-shape with the base towards 
the surgeon and the apex at the obturator mem- 
brane potentially reducing bleeding from vascu- 
lar complications and forniceal punctures. 

A skin stab incision is made on the external 
landmark and the needle is passed through the 
obturator membrane/internus; usually at least one 


‘pop’ is felt, if not two. The first pop is through 
the obturator membrane and the second through 
the obturator internus. Once the ‘pop’ occurs the 
tip of the finger inside the tunnel should feel the 
needle tip and the needle should be brought out 
with the finger constantly guiding the tip to avoid 
puncturing the vaginal fornices. Once the tip 
exits the mesh arm can be attached to it with the 
connector and the needle is withdrawn in a 
‘reverse’-curved motion simultaneously pushing 
the connector in with the index finger from the 
vaginal end. This prevents unnecessary tissue 
distortion during needle withdrawal. 


The Inferior or the Grey Needles 


The design of these needles was crucial to the 
next part of the procedure; in order to allow opti- 
mal suspension in a ‘hammock-like’ fashion and 
ensure ‘arcus-to-arcus support’ the needles (and 
by extension the mesh arms) need to traverse the 
adductor brevis, adductor magnus, obturator 
externus, obturator membrane, obturator internus 
and finally the levator ani close to the ischial 
spine (about a centimetre medial and cranial). 

After numerous cadaver testings, two methods 

were derived for needle placement: 

1. The direct placement method where the grey 
needles are held in a high-handed position like 
the handles of a ‘Harley Davidson’ or 

2. The two-movement technique where the nee- 
dle handle is initially held vertically in rela- 
tion to the obturator foramen to ensure entry 
into the obturator membrane. In the second 
step the handle is swung by an angle of 90 ° 
with the handle perpendicular to its original 
position and then the needle is threaded 
through the obturator internus towards the 
levator muscle as close to the ischial spine as 
possible. The curvature of the needle usually 
achieves this without the surgeon needing to 
constantly feel the spine; the latter may lead to 
tearing/avulsion of the muscle secondary to 
unnecessary traction by the needle. 

Tunnels of 5 mm are created at the lowermost 
lateral edge of the bladder dissection—these 
tunnels can be made bigger even allowing the 
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Fig. 18.12 Two-layered closure with 2/0 Vicryl 


surgeon to ‘sweep’ the ‘arcus’ if necessary. We do 
not recommend this for the Perigee operation. 

Stab incisions are made on the external sur- 
face and the needles are passed as indicated 
above preferably employing the second tech- 
nique. The mesh is attached with the connectors 
and the needles are withdrawn with a reverse 
motion. The mesh is sited and covers the bladder 
in a ‘tension-free’ manner. The tail of the Perigee 
can be trimmed to suit the length of the vault. The 
mesh is then fixed with a 2-0 PDS suture both at 
its base and at its cranial portion in the midline 
below the bladder neck to ensure that the mesh is 
laid flat. A cystoscopy can be performed at this 
stage to ensure there has been no bladder trauma 
or perforation. We then recommend vaginal clo- 
sure in two layers using 2-0 Vicryl without any 
vaginal trimming (Fig. 18.12). 


Tensioning 


Once the vagina is closed, we manually reposit 
the vagina as high as possible; we DO NOT rec- 
ommend pulling on the mesh arms any further 
merely to make the operation ‘look good’. A ‘flat’ 
non-sagging anterior vaginal wall invariably 
indicates that the mesh is too tight and virtually 
guarantees post-operative mesh pain in the forni- 
ces and predisposes to mesh exposure. Male dys- 
pareunia (‘His’pareunia) is invariably associated 
with vaginal exposure of mesh whilst female 
dyspareunia (“Her’pareunia) seems to be more 
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associated with excessive graft tensioning or 
with shortening and narrowing of the vaginal 
canal secondary to skin excision [25-27]. We 
recommend pulling the slack off the mesh arms 
and then pulling the plastic off without further 
traction on the limbs. The limbs are then trimmed 
at skin level and a small dressing is placed on 
each stab wound. 

We do not use an indwelling catheter post- 
operatively and a vaginal pack is placed only for 
2 h. This has been our practice since 2005 and we 
have performed more than 600 operations (2011) 
with a readmission rate of 2.9 %. 


Anterior Elevate (American Medical 
Systems, MN) 


Following the warning by the FDA in 2008 and 
2012, it became important to devise a mesh 
implantation system that avoided ‘blind’ needle 
passes in the obturator foramen, which at the 
same time maintained the success rates of the 
transobturator procedure. The Anterior Elevate™ 
transvaginal mesh replacement system was born 
out this concept (Fig. 2.13). It involves the pas- 
sage of anchors into the sacrospinous ligament 
that provide surrogate anchorage for the mesh 
threaded through it. The system also provides for 
two additional anchors interwoven into the mesh 
that deploy into the obturator internus muscle. 


Sacrospinous Needles (Orange), 
Plastic Sheath and Anchors 


A full thickness vaginal incision is made below 
the bladder neck after ensuring adequate 
hydrodissection with local anaesthetic as 
described above (Fig. 18.2). A combination of 
blunt and sharp dissection allows the creation of 
adequate access laterally to the sacrospinous 
ligaments. It is very important to dissect the 
bladder away at the base free of the vaginal vault 
or cervix (as the case may be) in order to allow 
for the anchoring suture to be placed at the level 
of the vault or pericervical ring (Figs. 18.3, 18.4 
and 18.13). 
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Fig.18.13 Anchoring suture through peri-cervical 
ring 


The anchors are loaded on to the Orange nee- 
dles which are then sheathed by the plastic tube. 
Of note is the design of the tip of the needle that 
allows the anchor to slot in only one direction. 
The length of the tip of the needle is unique in 
that it limits the ‘depth’ to which the anchor 
treads into the sacrospinous ligament to 22 mm 
regardless of the driving force applied (Fig. 18.6). 
This is an important safety feature that protects 
against needle-induced neurovascular injury 
within the confines of the pelvis. Another tip to 
avoid complications is to gently grate the plastic 
sheath across the sacrospinous ligament about a 
finger’s breadth medial to the ischial spine; this 
results in a characteristic ‘grating’ that is fed back 
to the surgeon’s hand. This technique ensures that 
the needle driving system with the anchor is per- 
pendicular to the sacrospinous ligament and this 
is also confirmed by the handle of the needle 
which lies parallel to the ground when placed 
correctly (Fig. 18.7). The perpendicular place- 
ment of the anchor affords excellent anchorage 
with pull-out forces of >8 psi and prevents ‘splay- 
ing’ of the sacrospinous ligament. 


Pink Needle 


Again staying clear of the bladder neck two small 
tunnels are made laterally carrying the dissection 
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Fig.18.14 Mesh trimmed to correct ‘dose’ 


below and behind the ischiopubic ramus into 
belly of the obturator internus muscle. A second 
anchoring suture is placed just below the bladder 
neck which along with the other one at the vault 
helps in laying the mesh flat and prevents the 
edges from rolling up. These sutures do not in 
any way contribute to the strength of the repair 
(Figs. 18.5, 18.6 and 18.9). The ‘tail’ of the mesh 
is trimmed to size and threaded through the supe- 
rior suture and tied into place (Fig. 18.14). The 
pink needles are inserted into the anchors fused 
with the mesh edges and passed into the obturator 
internus muscle via the tunnels described above 
taking care not to perforate the forniceal skin. 


Further Steps 


The vault/pericervical ring suture is then passed 
through the bottom edge of the mesh and tied in 
place. The vaginal end of the anchors that were 
placed in the sacrospinous ligament is then 
threaded through eyelets in the mesh and the 
mesh is sited in its appropriate position by means 
of a ‘spoon’ provided in the kit. This also allows 
for proper tensioning prior to locking the mesh in 
place with the ‘buttons’ included in the mesh kit 
(Figs. 18.13 and 18.10). The anchors are cut free 
and the vagina is closed in two layers using 2/0 
Vicryl (Fig. 18.12). As described earlier, the end 
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result of the operation is quite unattractive with a 
lot of residual laxity of the anterior vaginal wall 
(Fig. 18.11). This should help reassure the sur- 
geon that the mesh is appropriately tensioned. 
The 6-week follow-up visit will reveal the true 
state of affairs as the vagina would have remod- 
elled to a large extent and the perceived laxity 
that was seen in the immediate post-op period 
would have all but disappeared. 


UPHOLD™ (Boston Scientific, MA) 


This mesh kit utilises suture anchorage to the 
sacrospinous ligament instead of anchors. The 
Ethibond sutures attached to mesh arms are tacked 
in place by means of the Capio device which is a 
needle-driven system that delivers the suture to 
the appropriate location in the ligament and also 
retrieves the suture on its return journey. The 
mesh arms are then pulled through the sacrospi- 
nous ligament providing robust anchorage which 
provides level | support and some level 2 support. 
In cases where a large cystocele coexists with 
vault/cervical descent the PINNACLE™ device 
that has a larger mesh with two extra arms may be 
used. These arms are fixed via the Capio device 
into the arcus tendineus resulting in good arcus- 
to-arcus level 2 support like the PERIGEE™ 
device. Pinnacle has now been withdrawn from 
the market. 


PROSIMA™ (Johnson and 
Johnson, NJ) 


This mesh kit also involves the intravaginal intro- 
duction of mesh that is ‘tucked’ into the sacrospi- 
nous ligament using a metal carrier device and 
then held in place by means of inflatable balloon 
that remains in the vagina for 2 weeks. At the end 
of 2 weeks, it is expected that the mesh will ‘stick 
in place’. This product has now been withdrawn 
from the market. 

In our opinion, the Boston devices enshrine 
the philosophy of minimal mesh area in their kits; 
AMS kits have moderate mesh volume in their 
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kits with the option of trimming to size whilst the 
kits by Johnson and Johnson have been relatively 
larger. So far studies have shown very little dif- 
ference in clinical outcomes between these vari- 
ous devices. Having said that most studies do not 
use imaging like 3D/4D ultrasound to observe 
meshes over a period of time [28, 29]. It is useful 
to think of mesh as a medication that needs to be 
used in the ‘correct dose’—so trim the mesh to 
meet individual requirements. It is vital that 
replacement mesh surgery be performed per pro- 
tocol established by the manufacturer as any 
deviations from the accepted technique can cause 
untold damage to the woman besides being 
medico-legally indefensible. 

The introduction of newer meshes that are 
lighter, softer and less dense has made a discern- 
ible change in patient outcomes in a few studies. 


Tips and Pearls: Hydrodissection, 
Full Thickness and Remodelling 


The most important lessons we have learnt in our 

unit over the last 9 years of mesh usage are: 

e Proper patient selection—avoiding use of 
mesh in small prolapses, appropriate patient 
counselling before surgery 

e Hydrodissection and full thickness dissection 
as mentioned before 

e Gentle tissue handling 

e Avoidance of excessive traction to the mesh 

e Avoidance of vaginal trimming 
Graft surgery at the end of the operation 

should not be ‘visually pleasing’ unlike fascial 

native tissue surgery. This does engender a ‘leap 
of faith’ and represents a shift in the surgical 
paradigm. In our experience tension-free place- 
ment does prevent mesh complications. The 
vagina is ‘an innocent victim of prolapse’ and 
once the proposing organ is supported with the 

mesh, vaginal remodelling takes over. Indeed a 

classic example of vaginal remodelling is the 

postpartum period where the vagina that is 
stretched to many times its normal size remodels 
back to its normal calibre (almost!) within 

6 weeks. 
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Post-operative Orders 
and Management 


In our patients the use of local anaesthetic for 
hydrodissection has reduced the need for post- 
operative narcotic analgesia to less than 3 %. We 
advise the use of intraoperative antibiotics like 
cephalosporins and metronidazole. We also rou- 
tinely prescribe antibiotics for 5 days post- 
surgery. Pain relief is achieved by a diclofenac 
suppository post-surgery and oral ibuprofen, 
codeine and paracetamol. Patients using codeine 
are advised to use stool softeners like Lactulose. 

All patients undergo a trial of void post- 
surgery and a post-void residual bladder volume 
(PVRBV) of <100 mL is our cut-off. We do not 
routinely use vaginal packing. Our patients are 
sent home the same day if they are pain-free, are 
not bleeding excessively and have passed their 
trial of void, with access to a 24-h hotline num- 
ber. A nurse calls all patients the next day and 
performs a visual analogue score for pain, bleed- 
ing and bladder function with appropriate referral 
as necessary. 


Results: 5-Year Perigee Data with 
Data on Mesh Erosion and Sexual 
Function 


Utilising the principles highlighted above, we 
followed up 350 data sets for a total of 5 years, 
the results of which were published in 2008 [2]. 
A total of 350 patients underwent surgery with 
the Perigee™ system between March 2004 
and June 2008. There were no life-threatening 
complications with the procedure. Thirty-nine 
(11.1 %) patients were found to have small mesh 
extrusion through the vagina, and twenty 
(5.71 %) patients had recurrence of stage 2 cysto- 
cele. Of the subset of patients (1=171) analysed 
49.5 % reported no sexual dysfunction, 13.5 % 
reported no change in sexual function, 29.7 % 
reported improvement in sexual function whilst 
7.2 % reported worsening of dyspareunia 
(Tables 18.1 and 18.2). 
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Table 18.1 Numbers sexually active 
Status Number Percentage 
Sexually active 111 64.91 
Not sexually active 55 32.16 
Not answered 5 2.93 
Total 171 100 
Table 18.2 Outcomes after operation 
Dyspareunia Number Percentage 
None 55 49.54 
Same 15 13:51 
Better 33 29.72 
Worse 8 7.23 
Total 111 100 


Table 18.3 Mesh exposures in Perigee and Apogee 


Year Total numberof Total numberof Percentage 
perigee + apogee mesh exposure 

2004 5 0 NA 

2005 23 6 26.08 

2006 43 18 41.8 

2007 56 4 7.14 

2008 44 1 2.27 

2009 17 0 NA 


A recent audit of 188 of our patients over a 
4-year period who had an Apogee and/or Perigee 
showed 29 (15.4%) patients in total were diag- 
nosed with mesh exposures. Of the 29 patients, 20 
(69 %) patients had Perigee and 9 (31 %) patients 
had Apogee procedures. Twenty-six patients 
required surgical management of mesh exposure 
under general anaesthesia and three patients were 
treated conservatively. On analysing the trend in 
occurrence of the mesh exposure, 80 % (16/20) 
among the Perigee exposure group and 88.9 % 
(8/9) among the Apogee exposure group had pro- 
cedures performed at the introduction of the pro- 
cedure during the years 2005 and 2006. The mesh 
was changed to InterProlite in 2008. In the fol- 
lowing years 2007 and 2008, this significantly 
declined to 20 % (4/20) and 11.1 % (1/9) among 
the Perigee and Apogee exposure groups, respec- 
tively (Table 18.3). 
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Table 18.4 Analysis of mesh erosion data 
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Characteristics Case group (total=29) n (%) Control group (total=159)n(%) P value (Chi squared test) 
Age (29-90, mean 

age 63) 

<50 7 (24.1) 26 (16.5) 0.3108 
50-70 21 (72.4) 120 (75.4) 0.7265 
>80 1 (3.4) 13 (8.2) 0.3725 
Diabetes mellitus 4 (13.8) 17 (10.7) 0.6258 
Smoking 4 (13.8) 20 (12.6) 0.8570 
Menopause 23 (79.3) 132 ( 83) 0.6292 
Ovestin cream 1 (3.4) 8 (5) 0.71 
Oral HRT 6 (20.7) 7 (4.4) 0.0015 
Concomitant surgery 14 (48.3) (8/14 posterior 97 (61) 0.1998 


repair, 6/14-sus) 


The time duration between the surgery and the 
mesh exposure revealed that 55 % had exposures 
within the first 6 months and 41.4 % had expo- 
sures from 6 months to | year. The exposure inci- 
dence reduced to 10.3 and 6.9 % at the end of 
second year and >2 years, respectively. 

The risk factor parameters included for the 
analysis of characteristics of patients with mesh 
exposures included age, smoking, menopausal 
status, preoperative use of vaginal oestrogen 
cream, oral hormone replacement therapy, dia- 
betes mellitus and concomitant surgery 
(Table 18.4). The phenomenon of mesh exposure 
into the vagina is not, in our opinion, a major 
worry, and can quite easily be managed either in 
clinic or in the operating theatre with few 
recurrences. 

The study shows no significant risk factors 
identified to be associated with mesh exposure. 
The other significant finding is the dramatic 
reduction in the trend of incidence of mesh expo- 
sure over a period of 4 years since the introduc- 
tion of the procedure. This can be well attributed 
to the skin closure technique or change in the 
type of the mesh used during the procedure. 


Conclusion 


Anterior compartment surgery is particularly 
fraught with increased recurrences. A robust sur- 
gical operation would be one that addresses all 
components of the anterior ‘hammock’. The first 


generation of surgical kits like the PERIGEE™ 
and PROLIFT™ led the way to radical innova- 
tion in transvaginal mesh surgery. Our 5-year 
follow-up of 350 data sets of the Perigee suggests 
that careful patient selection is paramount when 
this modality of treatment is chosen. 

Techniques of hydrodissection, full thickness 
vaginal dissection, anterior access to the sacro- 
spinous ligament, tension-free mesh placement 
and a two-layered vaginal closure with no vagi- 
nal skin trimming have evolved over the years 
and have contributed significantly to our results. 
Longer term data continues to show these proce- 
dures to be safe, robust and durable particularly 
in the hands of sub-specialists who routinely 
perform them. Vaginal mesh exposure is on the 
decline and poses less of a problem owing to bet- 
ter (‘softer’) meshes, better closure techniques 
and perhaps a deeper placement of the mesh. Of 
paramount importance, however, is the change 
of ‘mindset’ of the surgeon performing mesh 
surgery. 
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Rectoceles are defined as a herniation of the rectum 
through the posterior vaginal wall, resulting from 
weakness in the rectovaginal fascia that leads to 
compromised posterior compartment support. 
Although not life-threatening, rectoceles, like 
other forms of pelvic organ prolapse (POP), can 
have a negative effect on daily living and quality 
of life. Patients may complain of stool trapping/ 
difficulty with passage of bowel movements, pain 
or difficulty with intercourse, pelvic pain/pres- 
sure, or lower back pain. The symptoms of a rec- 
tocele are most often the factor that drives patients 
to desire repair. The purpose of this chapter is to 
review the anatomy, pathophysiology, and surgi- 
cal considerations or rectocele repairs. 


Anatomy 


Support of the posterior compartment is provided 
primarily by a thickened layer of tissue that lies 
beneath the posterior vaginal epithelium. This 
layer, often referred to as the rectovaginal fascia, 
is thought to be the female analog of Denonvillier’s 
fascia in the male. This layer is a thick layer of 
subepithelial tissue of the posterior vagina com- 
posed mostly of smooth muscle, collagen, and 
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elastin [1]. This tissue is anchored on all sides, 
apically by the cardinal-uterosacral complex, lat- 
erally by the posterior arcus tendineus fascia 
pelvis, and distally by the perineal body [2, 3]. 

Defects in the rectovaginal septum or its 
anchoring connections can result in a rectocele, 
with the location of the rectocele depending on 
the level of the defect. High rectoceles often 
result from an injury or defect of the upper third 
of the vagina and its attachment to the cardinal- 
uterosacral ligament complex. These rectoceles 
can be associated with uterine prolapse or entero- 
celes. Mid-level rectoceles are often associated 
with tears in the rectovaginal septum or in the 
attachment of the rectovaginal septum to the pos- 
terior arcus tendineus. Distal or low rectoceles 
are thought to be due to injury to or disruption of 
the perineal body and are often associated with 
widening of the posterior hiatus. 


Etiology 


The exact causes of compromised posterior vaginal 
support and rectoceles are not clear. Known risk 
factors include childbirth, defecation disorders, 
age/postmenopausal status, history of hysterec- 
tomy, and connective tissue disorders [4]. Although 
arare patients with a rectocele may not have any of 
these risk factors, the majority of patients often 
have more than one risk factor. 

Vaginal childbirth contributes to weakened 
posterior support as it is known to cause neural, 


227 


Organ Prolapse, Current Clinical Urology, DOI 10.1007/978-1-4939-0008-4_19, 


© Springer Science+Business Media New York 2014 


228 


muscular, and connective tissue injury. Together 
these factors allow for vaginal laxities that can 
result in POP. Defecatory disorders, such as 
constipation, can damage support mechanisms 
through associated abdominal straining which 
may lead to nerve damage and stretch injury to 
the posterior vaginal support [4]. Prior hysterec- 
tomy may affect normal vaginal anatomy altering 
vaginal pressure vectors and causing pelvic 
denervation that can lead to weakened muscular 
support. Age is a risk factor for POP as aging 
females accrue increasing damage with time to 
their pelvic support. Finally, disorders of the con- 
nective tissues result in weakened or lax vaginal 
support that can lead to the development of POP. 


Prevalence 


Population-based studies on POP are difficult to 
accomplish as they require vaginal examinations 
on asymptomatic women. Furthermore, there is a 
difference in the prevalence of anatomic and 
functional rectoceles. For both of these reasons 
the true prevalence of rectoceles, symptomatic or 
not, is difficult to define as is the true prevalence 
of symptomatic rectoceles. In a study of primarily 
middle-aged and older women, Swift et al. found 
that 75 % of patients presenting to a gynecologist 
for their annual exam had some form of POP-Q 
gradable POP [5]. Furthermore, up to 76 % of 
women with POP had a documented rectocele [6]. 
Together these studies suggest a high prevalence 
of anatomic rectoceles in middle-aged and older 
women, which follows our clinical experience. 


Clinical Aspects 
Clinical Presentation and Evaluation 


Many patients with anatomic POP are asymp- 
tomatic. Patients with rectoceles are no exception. 
However, symptomatic rectoceles can present 
with a variety of symptoms. General symptoms 
of POP include pelvic pressure or heaviness, 
visualization of a vaginal bulge, pelvic pain or 
discomfort, and difficulty with intercourse [7]. 


B.N. Patel and K.C. Kobashi 


Other symptoms such as dyspareunia may also 
occur. Symptoms specific to rectoceles include a 
sensation of incomplete defecation and need to 
distally splint the vaginal wall or perineum to 
facilitate emptying [7]. 

Patients are seen and evaluated in the clinic. 
A thorough history is obtained with a focus on 
risk factors for POP, symptoms of POP, comor- 
bidities, and previous pelvic surgeries. Patients 
are examined using the POP-Q system at rest and 
with strain. Levator ani muscle tone and strength 
are assessed. A rectal exam is done to evaluate 
for perineal body weakness and anal sphincter 
tone. The authors do not routinely order imaging, 
but in complex cases, dynamic MRI or endoanal 
ultrasonography may provide useful adjunctive 
information. 


Indications/Patient Selection 


The surgical indications for rectocele vary from 
provider to provider. Most pelvic floor surgeons 
will elect to proceed with repair of a rectocele if 
the patient has bothersome symptoms related to 
the posterior prolapse. These symptoms include 
those mentioned in the previous section. This 
repair is often performed in conjunction with other 
vaginal compartment repairs or anti-incontinence 
procedures. 

The proper management of an asymptomatic 
rectocele present at the time of repair of anterior 
or apical compartment prolapse repair is contro- 
versial. Some clinicians feel that if a posterior 
compartment defect is left unrepaired while other 
compartments are repaired, then postoperatively 
the rectocele is exposed to higher abdominal 
force which may worsen the posterior defect [8]. 
Others believe that poor posterior vaginal wall 
support may provide improved resistance to 
urethral and bladder neck hypermobility, thereby 
increasing the success of anti-incontinence 
procedures [9]. Neither of these statements is 
supported by the literature. In the practice of the 
authors, rectoceles are generally only repaired if 
they are symptomatic or in asymptomatic cases if 
they have progressed beyond the hymen. In the 
latter scenario, it is our concern that in spite of 
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being asymptomatic, a rectocele of this degree 
likely poses an increased risk of becoming symp- 
tomatic later in the patient’s life. 


Procedures 
Vaginal Approaches 


Vaginal approaches to rectocele repair include 
the traditional posterior colporrhaphy, plication 
of the prerectal and pararectal fascia with levator 
ani reconstruction, defect-specific repair, graft- 
augmented repair, and kit-based repairs. These 
approaches are all vaginal-based approaches that 
do not require abdominal access. As such, these 
procedures are reasonably well tolerated and 
suited for outpatient surgery. 

Our preoperative and surgical preparations are 
the same for transvaginal rectocele repair tech- 
niques. All anticoagulant is stopped prior to sur- 
gery such that bleeding parameters have 
normalized prior to the day of surgery. The patient 
is asked to fast starting the night prior to surgery. 
Prior to beginning the procedure, the patient is 
given prophylactic antibiotics per the AUA best 
practice guidelines [10], which typically entails 
cefazolin intravenously administered 1 h prior to 
surgical incision. 

Spinal anesthetic, laryngeal mask anesthetic, 
or general endotracheal anesthesia is used. 
Bilateral sequential compression devices are 
placed on the lower extremities for venous 
thromboembolism prophylaxis [11]. Once anes- 
thesia is induced, the patient is placed in the dor- 
sal lithotomy position. The lower extremities are 
padded and positioned appropriately to prevent 
nerve or muscle injury. The surgical field is then 
clipped with clippers, a betadine preparation is 
used to prepare the vagina, and a chlorahexa- 
dine-based preparation is used to prepare the 
surrounding perineal and lower abdominal skin. 
Once the patient is adequately draped, the Lone 
Star retractor (CooperSurgical™, Stafford, TX) 
is centered on the vaginal introitus and affixed 
to the perineum using penetrating towel clips. 
A Foley catheter is placed and the procedure is 
begun. 
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Once the vaginal procedure is completed, a 
vaginal packing is placed and the patients are 
transferred to the post-anesthesia care unit. 
One hour after arriving, the vaginal packing is 
removed and the patients are given a trial of void 
if they have had an associated anti-incontinence 
procedure or anterior compartment repair. Once 
they have recovered from the anesthetic and their 
pain is adequately controlled, they are discharged 
home with a prescription for pain medication, 
24 h of oral antibiotic coverage, and an oral stool 
softener. They are given instructions to refrain 
from vaginal intercourse, avoid constipation, and 
avoid lifting greater than 10 lb or doing exercises 
that may put undue straining on the repair for 6 
weeks. 


Traditional Posterior Colporrhaphy 

The standard or traditional posterior colporrha- 
phy is a method of rectocele repair that relies on 
reapproximation of the levator ani muscles and 
the rectovaginal fascia over the prolapsing rec- 
tum to provide posterior support. The patient is 
prepared and positioned as described above. 
Prior to rectocele repair all other concomitant 
pelvic floor surgeries, such as anti-incontinence 
procedures, cystocele repair, and hysterectomy, 
are done. 

The posterior repair is begun by placing two 
Allis clamps on the posterior vaginal forchette at 
the 4 and 8 o’clock positions. The lateral positions 
of the Allis clamps are defined such that when the 
clamps are brought together in the midline, the 
introitus allows the passage of two fingers com- 
fortably or three fingers snuggly. This avoids a 
stenotic introitus. An ellipse of tissue comprising 
the junction between the vaginal epithelium and 
the perineal skin is excised between the Allis 
clamps creating a diamond defect (Fig. 19.1). 
The previously described initial dissection is the 
same for all of the following vaginal approaches 
for rectocele repair. 

Attention is then turned to the apical-most 
portion of the rectocele. From this point a V-shaped 
incision is made from the apical portion of the 
rectocele to the lateral aspects of the perineal 
incision. Working from the apex toward the 
introitus the vaginal epithelium is dissected off 
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Fig. 19.1 An ellipse of tissue comprising the junction 
between the vaginal epithelium and the perineal skin 
between the Allis clamps is excised creating a defect at 
the posterior forchette. A V-shaped incision is made from 
the apical portion of the rectocele to the lateral aspects of 
the perineal incision. With counter-traction facilitated by 
placement of an Allis on the vaginal epithelium and work- 
ing from the apex toward the perineum, the vaginal epi- 
thelium is dissected off of the rectovaginal septum in the 
white shiny layer (From Vaginal prolapse, in Raz S: Atlas 
of Transvaginal Surgery. Philadelphia, WB Saunders, 
1992, with permission of Elsevier) 


the rectovaginal septum. Dissection in the white 
shiny layer is aided by counter-traction with an 
appropriately placed Allis clamp (Fig. 19.1). 
Once the incision and dissection are completed, 
the excised vaginal epithelium is discarded. Flaps 
are created by undermining the vaginal epithe- 
lium toward the levator ani muscles. Once the 
dissection laterally is completed hemostasis is 
achieved. Interrupted figure-of-eight sutures are 
placed in the levators and tied such that the leva- 
tors meet in the midline along the entire rectocele 
defect (Fig. 19.2). The prerectal fascia is closed 
with a running suture anterior to this layer. 
One should inspect the repair to ensure there 
are no ridges or acute drop-offs as these can be 
the source of postoperative pain or discomfort. 
The vaginal epithelium is then reapproximated in 
the midline and a vaginal packing is placed for 


Fig. 19.2 Flaps are created by undermining the vaginal 
epithelium toward the levator ani muscles. Once the dis- 
section laterally is completed hemostasis is achieved. 
Interrupted figure-of-eight sutures are placed in the leva- 
tors and tied such that the levators meet in the midline 
along the entire rectocele defect (From Vaginal prolapse, 
in Raz S: Atlas of Transvaginal Surgery. Philadelphia, 
WB Saunders, 1992, with permission of Elsevier) 


1 h and removed in the postoperative care unit 
prior to discharge. 

In one of the largest published series on 
traditional posterior colporrhaphy, Abramov 
et al. reported on 183 women who underwent 
traditional posterior colporrhaphy [12]. These 
authors reported a 96 % cure rate at 1-year fol- 
low-up, with cure defined as no prolapse beyond 
the hymenal ring. In a more recent study using 
strict anatomic definitions and validated ques- 
tionnaires, Paraiso et al. [13] reported on 37 
patients randomized to traditional posterior col- 
porrhaphy versus site-specific repair. With a strict 
definition of anatomic cure, POP-Q point Bp less 
than or equal to —2 at 1 year from surgery, they 
found that posterior colporrhaphy was associ- 
ated with an 86 % anatomic cure rate. Seven 
percent of patients had posterior wall prolapse to 
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the level of or beyond the hymen. Overall 
patients had statistically significant improve- 
ments in the prolapse and colorectal scales of 
PFDI-20 and PFIQ-7 after surgery indicating 
improvement in quality of life. There was no sta- 
tistical difference in patients with dyspareunia 
pre- and postoperatively. 

Although these 1-year follow-up studies show 
a high rate of anatomic success, longer term fol- 
low-up demonstrates lower rates of anatomic 
success and decreased functional bowel control 
after rectocele repair. With a mean follow-up of 
3.5 years, Kahn and Stanton demonstrated a 76 % 
overall anatomic cure rate, with anatomic cure 
defined as grade 0 or I prolapse on the Baden- 
Walker scale, after traditional posterior colpor- 
rhaphy [14]. On interview, there was an 
improvement of bulge-related symptoms (64 % 
vs. 31 %), but despite this, most patients had 
worsening of bowel-related symptoms including 
constipation (22 % vs. 33 %), sensation of incom- 
plete bowel emptying (27 % vs. 38 %), and 
incontinence of stool (4 % vs. 11 %). There was 
also an increased prevalence of sexual dysfunc- 
tion postoperatively (18 % vs. 27 %). 


Plication of Prerectal and Pararectal 
Fascia with Levator Reconstruction 

In this repair a single layer of suture incorporates 
prerectal and pararectal fascia (rectal pillars) 
from the apex of the rectocele down to the lower 
third of the vagina. Distally, the same layers are 
incorporated, but the levator ani is included to 
reapproximate and support the levator hiatus. 
After the induction of anesthesia, the patient is 
placed in the dorsal lithotomy position. The 
patient is prepared in the dorsal lithotomy posi- 
tion as previously described. Prior to rectocele 
repair all other concomitant pelvic floor surger- 
ies, such as anti-incontinence procedures, cysto- 
cele repair, and hysterectomy, are done. 

The posterior repair is begun as previously 
described by excising an ellipse of tissue at the 
junction of the vaginal epithelium and perineal 
skin (Fig. 19.1). The subepithelial plane is 
developed with Metzenbaum scissors from the 
introitus to the apex of the rectocele and an 
incision in the midline overlying this dissected 
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tissue is made. During this portion of the case, it is 
important to keep the tip of the scissors pointing 
anteriorly to avoid inadvertent damage to the 
rectal wall. 

The reconstructive procedure is begun by using 
a 2-0 vicryl suture to reapproximate the vaginal 
epithelium, the pararectal fascia/rectal pillar, and 
the prerectal fascia from the level of the rectocele 
apex to the distal third of the vagina. The layers are 
incorporated with a running, interlocking suture. 
The running suture is tied down at the beginning of 
the distal third of the vagina. The remainder of the 
vaginal defect is closed with interrupted figure-of- 
eight sutures of 2-0 vicryl including the vaginal 
epithelium, the pararectal fascia, and the prerectal 
fascia as before, but the levator ani is also included 
to reduce and support the levator hiatus. 
Additionally, these distal vaginal sutures will help 
restore the vaginal axis. In performing this distal 
portion of the rectocele repair, one should ensure 
that the introitus is not too narrow and that there 
are no deformities or ridges created posteriorly as 
these can result in pain postoperatively. The 
remainder of the incision is closed to reapproxi- 
mate the perineal skin and a vaginal packing is 
placed for 1 h and removed in the postoperative 
care unit prior to discharge. 

There is limited published data on the out- 
comes of patients after plication of prerectal and 
pararectal fascia with levator reconstruction. 
Vasavada and colleagues reported that in 380 
patients seen at a mean follow-up of 22 months 
after repair, there was a 96 % anatomic success 
rate with success being defined as a grade I or 
less posterior wall prolapse. There was a noted 
functional improvement as well with 67 % of 
those with preoperative constipation noting 
improvement in constipation postoperatively. It 
should be noted that in this study 69 % had 
asymptomatic rectoceles [4]. 


Defect-Specific Repair 

In the defect-specific rectocele repair, the surgeon 
dissects the rectovaginal fascia and identifies 
deficiencies that are primarily repaired. The rec- 
tovaginal fascia, as previously mentioned, is a 
layer of collagen, elastin, and smooth muscle that 
separates the vagina and rectum. Injury to this layer 
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of support from vaginal childbirth, constipation, 
abdominal straining, etc. can cause site-specific 
defects/damage that may result in rectocele. 
Damage to this posterior support may manifest as 
a tear in the body of the fascia, a lateral separa- 
tion of the fascia from the iliococcygeus and 
pubococcygeus muscles, apical separation from 
its connection to the sacrum, or distal separation 
from the rectovaginal fascia’s attachment to the 
perineal body [15]. 

The posterior repair is begun as previously 
described by excising an ellipse of tissue at the 
junction of the vaginal epithelium and perineal 
skin (Fig. 19.1). The subepithelial plane is devel- 
oped with Metzenbaum scissors from the introi- 
tus to the apex of the rectocele and an incision in 
the midline overlying this dissected tissue is 
made. During this portion of the case, it is impor- 
tant to keep the tip of the scissors pointing anteri- 
orly to avoid inadvertent damage to the rectal 
wall. Dissection is carried laterally allowing for 
appropriate exposure to the rectovaginal fascia. 
This exposure should allow for inspection of the 
rectovaginal fascia from the vaginal apex to the 
perineal body and out laterally to the tendinous 
arc of the levator ani. 

A double glove is now placed on the non- 
dominant hand and the index finger of the non- 
dominant hand is placed transanally to elevate the 
anterior rectal wall. With lateral movement of the 
index finger, defects in the rectovaginal fascia are 
seen. Healthy, durable rectovaginal fascia is then 
plicated over the anterior rectal wall to address the 
defects resulting in correction of the rectocele. Once 
completed the vaginal epithelium is closed and if 
indicated a perineal body repair is undertaken. 

A variation to the defect-specific repair adds 
another layer of support along the posterior vaginal 
wall. After the site-specific repair is completed, 
figure-of-eight sutures are placed to bring the lat- 
eral levator ani muscles together in the midline. 
The addition of the levator ani plication is thought 
to result in stronger posterior compartment 
support [16]. 

In one of the largest published series on site- 
specific defect repair, Abramov et al. reported on 
124 women [12]. These authors reported an 89 % 
cure rate at 1-year follow-up, with cure defined as 
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no prolapse beyond the hymenal ring. In a series 
of 89 women, with slightly longer follow-up, 1.5 
years, Porter et al. had an anatomic success rate 
of 82 % [17]. Anatomic success was defined as 
no prolapse or a rectocele that did not descend 
beyond the hymenal ring on maximal straining. 
There were also functional improvements noted 
in stooling difficulties, pelvic pressure/pain, 
vaginal bulge/mass, and in need for splinting in 
the majority of patients. In the previously quoted 
series by Paraiso et al., 37 patients underwent 
defect-specific rectocele repair [13]. They 
described anatomic cure at 1 year as 78 %. 
Seven percent of patients had posterior wall pro- 
lapse to the level of or beyond the hymen. Overall 
patients had statistically significant improve- 
ments in the prolapse and colorectal scales of 
PFDI-20 and PFIQ-7 after surgery indicating 
improvement in quality of life. There was no 
statistical difference in patients with dyspareunia 
pre- and postoperatively. 


Graft-Augmented Repairs 

Grafts have been used to repair all compartments 
of vaginal prolapse and have been used as either 
a stand-alone support mechanism or an adjunc- 
tive to native-tissue repair. Grafts are classified as 
biologic or synthetic and are available either in a 
delivery kit or as stand-alone materials that are 
tailored by the surgeon at the time of surgery use. 
For rectocele repairs, the authors have used bio- 
logical graft material as a stand-alone support 
mechanism. As previously mentioned, although 
surgeons have used a wide array of graft materi- 
als, it has been the authors’ preference to use bio- 
logic graft over synthetic graft. The authors 
believe that the benefits of currently available 
synthetic (polypropylene) meshes do not out- 
weigh the risks of vaginal exposure [18], rectal 
erosion [19], and mesh contraction [20] do not 
outweigh the benefits of currently available poly- 
propylene mesh. On the other hand, biologic 
grafts provide adequate support [21] with little 
risk of graft contraction or vaginal narrowing. 
Additionally, vaginal epithelium more readily 
heals over exposed biologic graft when compared 
to exposed mesh, the latter of which often 
requires operative excision of exposed areas. 
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The posterior repair is begun as previously 
described by excising an ellipse of tissue at the 
junction of the vaginal epithelium and perineal 
skin (Fig. 19.1). Attention is then turned to the 
apical-most portion of the rectocele. From this 
point a V-shaped incision is made from the apical 
portion of the rectocele to the lateral aspect of the 
perineal incision. Working from the apex toward 
the introitus the vaginal epithelium is dissected 
off the rectovaginal septum. Dissection in the 
white shiny layer is aided by counter-traction 
with an appropriately placed Allis clamp 
(Fig. 19.1). Once the incision and dissection are 
completed, the excised vaginal epithelium is dis- 
carded. Flaps are created by undermining the 
vaginal epithelium in the white shiny layer 
toward the levator ani muscles. 

A perineal repair is performed first, followed 
by placement of six 0 vicryl sutures prior to the 
graft being brought into the surgical field. Two 
sutures are placed proximally and distally in the 
levator ani/arcus complex bilaterally. One addi- 
tional suture is placed at the apex of the rectocele 
and a final suture is placed at the perineal body. 
The pre-soaked cadaveric fascia (4 cmx7 cm, 
Tutoplast, Mentor Corporation, Santa Barbara, 
CA) is brought into the field and folded in half to 
maximize suture pull-out strength. It is then 
secured into place using the preplaced sutures 
thereby reducing the rectocele. The vagina is 
closed and a vaginal packing is left in place to be 
removed 1 h after the procedure. Using this tech- 
nique with non-frozen cadaveric fascia lata, 
Kobashi et al. reported a 90 % rate of anatomic 
cure in 50 patients at a mean follow-up of 14 
months [21]. Cure was defined as no gradable pos- 
terior wall prolapse. Of the 10 % of patients that 
failed, 40 % had a Baden-Walker grade I recur- 
rence and 60 % had a Baden-Walker grade II 
recurrence. There were functional improvements 
in stool trapping, splinting, and dyspareunia. 


Kit Repairs 

There are many commercially available kits for 
POP repair. The kits combine graft material with 
needles passes in a package for treatment of pro- 
lapse or stress incontinence. These “all-inclusive” 
kits do not require tailoring of graft material or 
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harvesting of tissues from patients. Furthermore, 
kits are designed to be minimally invasive, using 
passers to traverse anatomically “safe” spaces 
rather than requiring larger incisions and dissec- 
tions. For these reasons, kits have been theorized 
to potentially reduce operative time and morbid- 
ity. The disadvantages of using kits to address 
prolapse or incontinence are the increased cost 
[22] and lack of long-term data on efficacy and 
complications related to each of the available 
kits. In the United States the following posterior 
repair kits are currently available: Prolift, 
Apogee, Posterior Elevate, and Pinnacle. 


Gynecare Prolift™ Posterior, — Ethicon® 
(Somerville, NJ). The Gynecare Prolift™ uses a 
pre-tailored piece of the Gynemesh PS™, 
Ethicon’s soft prolene mesh. The newer genera- 
tion model, the Prolift+M™, uses a partially 
absorbable monocryl mesh. As in previous surgi- 
cal procedures, the patient is positioned in the 
dorsal lithotomy position, a catheter is placed to 
drain the bladder, and Lone Star retractor 
(CooperSurgical™, Stafford, TX) is used for 
vaginal exposure. As previously described, the 
epithelium at the posterior forchette is excised 
and a midline incision is made in the posterior 
vagina. Vaginal flaps are created with lateral dis- 
section toward the levator ani muscles. Care is 
taken to avoid rectal injury. The dissection is car- 
ried superiorly and posteriorly exposing the para- 
rectal space to the level of the sacrospinous 
ligament bilaterally. At this point, plication of the 
rectovaginal fascia can be performed if desired, 
but this step is not mandatory. 

Four-millimeter incisions are made at the skin 
3 cm lateral and 3 cm posterior to the anus bilater- 
ally. The cannula-equipped guide is placed into 
the incision and advanced to the posterior aspect 
of the sacrospinous ligament 3—4 cm medial to the 
ischial spine. The index finger of the non- 
dominant hand should ensure that as the guide is 
passed it stays posterior to the plane of the levator 
ani and lateral to the rectum. The guide is then 
passed through the ligament and the cannula is 
removed keeping the guide in place. The retrieval 
guide is passed down the cannula and brought 
through the vaginal dissection. The retrieval 
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device is affixed to the arms of the mesh provided 
in the Prolift kit. The retrieval device is with- 
drawn, advancing the mesh arms from the poste- 
rior dissection, through the sacrospinous ligament 
and out toward the 4 mm skin incision. The mesh 
is tensioned at the level of the skin to eliminate 
redundancy or folding and the excess mesh is 
excised and the cannulas are removed. The lateral 
aspects of the mesh are sutured to the superior 
surface of the levator ani muscles to ensure proper 
positioning and the vaginal incision is closed. 

In a large multicenter retrospective study, 
Abdel-Fattah and Ramsay reported on 70 women 
who underwent posterior compartment repair 
with the Prolift™ kit [23]. They reported 3-month 
outcomes and noted cure, Baden-Walker grade 1 
or less, in 97 % of patients. There were five cases 
(7 %) of vaginal mesh exposures that all required 
mesh excision. In a study with 12-month follow- 
up, Lo noted that in combination prolapse cases 
repaired with anterior and posterior Prolift™ 
kits, there was a 95 % rate of success which was 
defined as POP-Q stage 1 or less recurrent pro- 
lapse [24]. Two patients developed recurrent rec- 
toceles; they were both POP-Q grade II. 


Apogee™, AMS® (Minnetonka, MN). 
Apogee™ kit uses either a piece of IntePro 
Lite™ prolene mesh or InteXen® LP™ cross- 
linked porcine dermis. Patient set up and expo- 
sure with the Lone Star (CooperSurgical™, 
Stafford, TX) retractor is the same as described 
with the other kits. As previously described, epi- 
thelium at the posterior forchette is excised and a 
midline incision is made in the posterior vagina 
to the apex of the rectocele. Vaginal flaps are cre- 
ated with lateral dissection toward the levator ani 
muscles. Care is taken to avoid rectal injury. The 
dissection is carried superiorly and posteriorly 
exposing the pararectal space to the level of the 
sacrospinous ligament bilaterally. At this point, 
plication of the rectovaginal fascia can be per- 
formed if desired, but this step is not mandatory. 

Four-millimeter incisions are made at the skin 
3 cm lateral and 3 cm posterior to the anus bilat- 
erally. With the handle of the trocar pointed at the 
12 o’clock position the trocar tip is advanced 
from the skin incision, below the levator ani 
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muscles toward the ischial spine. One centimeter 
distal to the ischial spine the trocar handle is 
turned and the trocar tip is brought through the 
levator ani muscle. This procedure is repeated on 
the contralateral side. The mesh arms are con- 
nected to the trocar tip and the tip is then brought 
back to the level of the skin incision. Tension on 
the mesh arms is adjusted so the mesh or biologic 
used is free of redundancy and folding. The mid- 
dle part of the superior portion of the graft is 
sutured to the vaginal apex. The excess mesh 
arms are trimmed at the skin and the vaginal epi- 
thelium is closed. 

In a series of 195 patients who underwent 
Apogee™ kit for posterior compartment repair 
with IntePro® mesh, Lukban et al. reported that 
the success rate at a mean follow-up of 10.9 
months was 96 % [25]. Success was defined as 
POP-Q grade I or less recurrent posterior wall 
prolapse. In a multicenter review, Abdel-Fattah 
and Ramsay [23] found a 94 % cure rate at 3 
months in 30 patients treated with Apogee™. 
As mentioned previously, cure was defined as 
Baden-Walker grade 0 or I prolapse. 


Posterior Elevate®, AMS® (Minnetonka, MN). Like 
the Apogee kit, the Posterior Elevate kit uses either 
a piece of IntePro® Lite™ prolene mesh or 
InteXen® LP™ cross-linked porcine dermis. 
Patient set up and exposure are the same as previ- 
ous described. An elliptical portion of the posterior 
forchette epithelium is excised. Vaginal flaps are 
created toward the levator ani muscle. The dissec- 
tion is carried superoposteriorly until the sacrospi- 
nous ligaments are palpable. At this point two 
apical sutures are placed with 3-0 vicryl suture. 
The tined arms are placed into the sacrospinous 
ligament and the graft is secured to the tined arms. 
The preplaced apical sutures are then passed 
through the superior portion of the graft to provide 
apical support. The graft is then advanced along the 
tined mesh arms toward the sacrospinous ligament 
and locked into place. The excess mesh arms are 
excised and lateral sutures are placed from the graft 
to the levator ani laterally to allow the graft to lay 
flat. The vaginal epithelium is then closed. At the 
time of this review, published outcomes on the 
Posterior Elevate® are lacking. 


19 Pelvic Organ Prolapse: Posterior Repairs 


Pinnacle®, Boston Scientific (Natick, MA). The 
Pinnacle® kit provides a prolene mesh-based kit 
for posterior prolapse repair that uses the Capio® 
(Boston Scientific) needle driver for sacrospi- 
nous fixation. Once positioned and prepped, an 
ellipse of the posterior forchette is excised and 
this is carried into a midline vaginal dissection 
creating flaps laterally toward the levator ani 
muscles. Dissection is continued entering the 
pararectal space until the sacrospinous ligament 
is palpable bilaterally. A 3-0 vicryl suture is 
placed in the rectovaginal septum at the apex of 
the incision. The Capio® needle driver is used to 
deliver the mesh arms of the Pinnacle® kit through 
the sacrospinous ligament a finger breadth medial 
to the ischial spine. The preplaced apical suture is 
affixed to the mesh and the mesh arms are advanced 
until the graft is appropriately tensioned. 3-0 vic- 
ryl sutures are used to affix the lateral portions of 
the mesh to the levator ani muscles and excess 
mesh is trimmed. The vaginal incision is then 
closed. At the time of this review, published 
outcomes on the Pinnacle® kit are lacking. 


Laparoscopic or Robotic-Assisted- 
Laparoscopic Rectocele Repairs 


With the widespread use of the vaginal approach, 
laparoscopic rectocele repairs are relatively 
uncommon procedures. Although classified as a 
minimally invasive approach, laparoscopic repair 
does involve entering the peritoneal cavity and 
may be considered difficult to perform as it 
involves laparoscopic suturing and a potentially 
difficult exposure. The advent of the da Vinci 
robot (Intuitive Surgical®, Sunnyvale, CA) has 
allowed for improved visualization and easier 
suturing; however, as a stand-alone procedure, 
laparoscopic rectocele repair is rarely done. 

For laparoscopic or robotic cases the patient is 
positioned in the low lithotomy position so that 
vaginal access is maintained once general endo- 
tracheal anesthesia is induced. Once prepared, 
access to the peritoneal cavity is gained and ports 
are placed. The cuff of the vagina is identified 
with the aid of a vaginal dilator. The dilator is then 
used to displace the cuff of the vagina anteriorly 
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toward the umbilicus and an incision is made in 
the peritoneum overlying the vaginal cuff. With a 
combination of sharp and blunt dissection the 
posterior vaginal wall is dissected off of the rec- 
tovaginal septum and the rectum. In certain cases 
identification of the rectum is facilitated by place- 
ment of a betadine-soaked kerlex into the rectum 
at the start of the case. The dissection is carried 
down to the perineal body. 

If placed, the rectal kerlex is removed and a 
vicryl suture is used to reapproximate the peri- 
neal body to the rectovaginal fascia. At this point, 
specific defects in the rectovaginal fascia or its 
lateral connections are repaired. Another approach 
involves a running plication of the rectovaginal 
fascia. Next, figure-of-eight sutures are placed in 
the levator ani muscles and they are bought 
together in the midline reinforcing the repair. Care 
should be taken to avoid painful ridges that can 
develop with aggressive repair. Introital width 
should also be assessed during the case to ensure 
that the posterior forchette of the vagina is not 
overly narrowed; the introitus should allow the 
passage of two fingers comfortably or three fingers 
snuggly. 

Modifications to this procedure have been 
made to include mesh. Lee and colleagues report 
a method of laparoscopic prolene-augmented 
mesh repair. In this procedure, mesh is placed in 
the dissected bed between the vagina and the rec- 
tovaginal septum. It is placed flat and sutured lat- 
erally with permanent suture to the levator ani 
muscles. The superior-most portion is fixed to 
the uterosacral ligaments in the same fashion. 
The mesh is then retroperitonealized [26]. 


Transanal Repairs: Stapled Transanal 
Rectal Resection 


In an attempt to minimize the risks of dyspareu- 
nia, wound complications, and rectocele recur- 
rence, Longo described the stapled transanal 
rectal resection (STARR) as a means of recto- 
cele repair in 2004 [27]. Rather than augmenting 
support of the rectovaginal fascia, the STARR 
procedure focuses on reducing the bulging 
rectocele. 
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Prior to the procedure the patients undergo a 
mechanical colon preparation with an enema and 
are given preoperative antibiotics covering 
colonic bacterial flora. After the induction of spi- 
nal or general anesthetic the patient is positioned 
in the Lloyd-Davis position (Trendelenburg posi- 
tion with the legs apart). A transparent anuscope 
is inserted into the anus and secured to the skin. 
Purse-string sutures are placed in the redundant, 
prolapsing rectum. A circular hemorrhoidectomy 
stapler (Ethicon®, Somerville, NJ) is fired along 
the anterior rectum, incorporating the mucosa, 
submucosa, and rectal wall, while excluding the 
posterior rectum. The procedure is repeated on 
the posterior rectal wall, but only incorporating 
the mucosa and submucosa. 

At a mean follow-up of 24 months 95 % of 
patients treated for rectocele or intussusception 
were clinically and radiographically free of 
recurrence [8]. In a retrospective review, compar- 
ing STARR to traditional transvaginal rectocele 
repair, the STARR procedure had less blood loss 
and a faster operating time when compared to 
transvaginal rectocele repair, but a significantly 
higher complication rate (61 % vs. 19 %) [9]. 
Recurrence rates, failure rates, and postoperative 
dyspareunia rates were not statistically different 
[9]. Complications in the STARR group include 
rectal bleeding, rectal pressure/tenesmus, fecal 
incontinence, diarrhea, pruritus ani, rectal pain, 
and Clostridium difficile infection [9]. This and 
other methods of transanal repairs are not indi- 
cated in high rectoceles or rectoceles associated 
with enteroceles. When compared to the tradi- 
tional vaginal approach, transanal repairs are 
associated with less pain [28]. 


Conclusion 


Rectoceles are the result of defects in posterior 
vaginal wall support. The exact mechanisms that 
lead to posterior vaginal weakness are not clear, 
although advancing age, defecation disorders, 
connective tissue disorders, and childbirth injury 
may play a role. Although many patients with 
rectoceles are asymptomatic, symptomatic 
patients with rectoceles may present with pelvic 
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pressure, pelvic bulge, pelvic pain, dyspareunia, 
and/or difficulty with defecation. 

The indications for surgery vary from surgeon 
to surgeon. Common surgical procedures for rec- 
tocele repairs include traditional posterior col- 
porrhaphy, plication of rectal fascia with levator 
reconstruction, site-specific defect repair, graft- 
augmented repairs, and kit-based repairs. 
Transanal approaches and endoscopic approaches 
to rectocele repair are described, but are less 
commonly done. Although data exists on the 
effectiveness of these procedures, true long-term 
data with report of functional and anatomic out- 
comes is lacking. Prospective, randomized trials 
with long-term follow-up are needed to compare 
these surgical procedures with regard to patient 
outcome and complication. 
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Presentation and Symptoms 


Pelvic organ prolapse (POP) is a common condi- 
tion affecting adult women. Epidemiologic stud- 
ies suggest the lifetime risk of prolapse or 
incontinence surgery is between 7 and 19 % [1]. 
The most common complaint reported by women 
with genital prolapse is a sensation of a vaginal 
bulge. Women may also report pelvic discomfort 
or pressure and may have associated voiding or 
defecatory dysfunction. Well established risk 
factors for POP development include preg- 
nancy, vaginal delivery, increased parity, age, 
increased body mass index, race, chronic dis- 
eases associated with increased intra-abdominal 
pressure, postmenopausal status, and previous 
hysterectomy. 

POP can be categorized as an anterior or pos- 
terior vaginal wall defect, an enterocele, or a 
vaginal vault support defect. While listed sepa- 
rately, these sites of vaginal laxity are often found 
in combination. There is growing evidence in the 
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literature that apical support is the key element in 
maintaining normal vaginal anatomy [2—4]. 
Given such evidence, it is of the utmost importance 
that patients being evaluated for POP undergo a 
proper inspection of the vaginal apex as identifying 
the sites of apical support can be challenging. In 
particular, any woman with an exteriorized, large 
cystocele should be assumed to also have some 
degree of apical support weakness, until proven 
otherwise on careful pelvic exam. Any degree of 
support weakness of the vaginal vault should be 
addressed at the time of anterior or posterior POP 
surgery. 


Anatomy 


Our current working understanding of pelvic 
organ support is that it requires a complex inter- 
play of adequately functioning pelvic floor mus- 
cles, and intact ligamentous support and 
endopelvic fascia. In the early 1990s DeLancey 
popularized the concept of levels of pelvic sup- 
port. Level I support encompasses the vaginal 
apex and cervix which are held in place by the 
surrounding endopelvic connective tissue which 
includes the cardinal and uterosacral ligaments. 
Level II support refers to the mid-vagina which is 
supported by the lateral connective-tissue attach- 
ments to the levator muscles while Level II 
support involves the distal connective-tissue 
attachments of the urethra to the pubic bone and 
levator muscle support to the distal hymen [5]. 
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When we take a closer look at the supportive 
structures of the apex it becomes evident as to 
why it is such an integral component of vaginal 
support. The principal ligaments involved in cer- 
vical/vault support are the uterosacral and cardi- 
nal ligaments. The uterosacral ligaments are 
fibromuscular tissue bands extending from the 
apex to the sacrum while the cardinal ligaments 
extend laterally from the apex to the pelvic side- 
wall adjacent to the ischial spines. The coales- 
cence of both ligaments is often referred to as the 
uterosacral—cardinal ligament complex. The cer- 
vix, if present, also acts as an attachment site for 
connective tissue and ligamentous fibers from the 
uterosacral-ligament complex. Women who have 
undergone a complete hysterectomy lose this piv- 
otal supportive structure, which often leads to 
vaginal laxity and eventual prolapse [6]. It is thus 
crucial to methodically reattach the apical sup- 
ports to the vaginal cuff during closure once the 
uterus is removed at the time of hysterectomy— 
regardless of the route utilized. 

Another important supportive component to 
consider is endopelvic fascia. This supportive 
structure is the fibromuscular tissue layer that 
underlies the vaginal epithelium as an integral 
component of the vaginal wall. Endopelvic fascia 
can be found supporting the entire vaginal canal, 
extending from the apex to the perineum. A tear in 
this layer, whether anterior or posterior, typically 
presents as a detachment of endopelvic fascia 
from the apex resulting in subsequent herniation 
and subsequent downward displacement of the 
affected vaginal segment. This displacement can 
place undue strain on the vaginal apex and weaken 
apical support. 

Proper understanding of the anatomy of nor- 
mal vault support is therefore important in surgi- 
cal planning. The complexity of vaginal support 
is being better understood today using a variety 
of tools including ultrasound and other imaging 
modalities. Current research is being focused on 
using modeling techniques, physics, and basic 
sciences to explain how the coalescence of liga- 
ments, fascia, and neuromuscular tissue interact 
to maintain pelvic support. 
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Physical Examination and Diagnosis 


In order to achieve successful restoration of pelvic 
anatomy, proper identification of vault support 
defects is as important as understanding normal 
vault support anatomy. Even for the experienced 
surgeon, this can represent a challenging endeav- 
our. The key is a systematic and careful pelvic 
examination. Tools that may be used in evaluat- 
ing apical support include a bivalve speculum 
and a right angle or Sims retractor. 

The approach to vaginal vault assessment is 
dependent on the presence or absence of the uterus. 
When the uterus is present it is important to make 
the distinction between vault prolapse and cervical 
hypertrophy, as the cervix may be exteriorized 
while vault support is intact. First, the posterior 
blade of a speculum may be inserted into the 
posterior fornix, elevating the vault to its fullest 
extent. The patient is then asked to Valsalva while 
the speculum is slowly being removed. If a defect 
of vaginal vault support is present, descent of the 
uterus will be noted. Reinsertion of the speculum 
will re-suspend the uterus. If the vault is well sup- 
ported the uterus and cervix will remain in place. 
The degree of apical prolapse can be measured 
using the POP-Q system (the difference between 
TVL and point D). 

In a previously hysterectomized woman, the 
apical portion of the vagina is represented by a 
dense band of scar tissue horizontally across the 
top of the vagina. This represents the vaginal 
cuff. The previous apical attachments of the 
uterosacral—cardinal ligament complex are noted 
by “dimples” located at the lateral edges of vagi- 
nal cuff. These landmarks can be challenging to 
identify at times. Placing the posterior blade of 
the right-angle speculum to support the anterior 
vaginal wall, while using the index and middle 
finger of the right hand to support the posterior 
vaginal wall, the dimples can usually be identi- 
fied. The patient is then asked to Valsalva and the 
degree of apical prolapse quantified. In some 
instances, complete evaluation of the vaginal 
vault requires an exam in the standing position. 
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Fig. 20.1 Vaginal vault prolapse with associated anterior 
and posterior fascial tears off the apex (dark lines). 
(Courtesy of the Cleveland Clinic Foundation) 


In addition, a bimanual and/or rectal examination 
may also be helpful in identifying the presence of 
an enterocele. An adequate evaluation of the vag- 
inal vault cannot be overemphasized as this dic- 
tates surgical planning [6]. 

Assessing anterior and posterior vaginal wall 
support is then performed, with a focus on identi- 
fying fascial tears which require repair (Fig. 20.1). 
These are usually seen as areas where normal 
vaginal rugation is absent—representing separa- 
tion of the endopelvic fascia from the vaginal 
cuff, lateral attachments, or perineal body. 

There are many effective approaches to restor- 
ing apical vaginal support. These include vaginal 
as well as laparoscopic/robotic approaches. 
Choice of the best approach for an individual 
patient should be based on a variety of individual 
factors as well as surgeon expertise (Table 20.1). 
Patient age may dictate anesthetic approach pref- 
erence and as a consequence a choice for a vagi- 
nal approach under regional anesthesia for an 
elderly patient in order to avoid postoperative 
cognitive problems. A vaginal depth greater than 
9 cm is unlikely to be maintained with a vaginal 
approach to apical prolapse—and may lead to a 
preference for an abdominal approach if sexual 
function is of key importance. Recurrent POP, 
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Table 20.1 Factors in deciding the approach to vault sus- 
pension surgery 

. Presence of the uterus 

. Cervical hypertrophy 

. Vaginal length 

. Sexual activity 

. Previous POP surgeries 

. Previous abdominal surgeries 

. Presence of vaginal atrophy 


OCNDN FWY =e 


. Needed concomitant prolapse/incontinence 
procedures 


9. Patient age 
10. Patient-associated morbidities 
11. Patient’s degree of physical activity 


especially when associated with a large cystocele, 
may dictate the need for mesh or biologic graft 
augmentation in order to optimize success. 

Traditional surgical options for vault prolapse 
include vaginal and abdominal approaches. 
Minimally invasive options have been developed 
in an effort to improve surgical outcomes while 
reducing hospitalization and recovery times. 
Vaginal surgery—the ultimate natural orifice 
surgery—is appropriate for most postmenopausal 
women, but requires special training and exper- 
tise. Endoscopic approaches require prolonged 
general anesthesia and steep Trendelenburg posi- 
tioning, and thus may be more appropriate for the 
younger patient. Since most techniques for apical 
support restoration are proven to be effective, 
individualization of the approach based on a 
patient’s specific functional and anatomic charac- 
teristics is the key consideration [7]. Of the many 
apical suspension procedures described, the 
following have acceptable published outcomes 
and are the most commonly used. 


Minimal Invasive Surgery 
for Apical Prolapse 


Laparoscopy 
Laparoscopic techniques are typically an adaptation 


of the open abdominal surgical approaches used 
for vault prolapse. In order to attain equivalent 
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outcomes, the surgeon must be proficient and 
experienced. 

Open abdominal sacral colpopexy is consid- 
ered to be gold standard for vault prolapse repair. 
Multiple publications have demonstrated its high 
efficacy and durability. Success rate is reported 
as ranging from 78 to 100 % [8]. The laparo- 
scopic adaptation does not differ significantly 
from the open technique. In fact, laparoscopic 
sacral colpopexy is said to have comparable 
clinical outcomes [9]. 

One landmark study demonstrating this was a 
comparative cohort study done by Paraiso et al. [9]. 
This study investigated the efficacy and safety of 
laparoscopic versus open sacral colpopexy. 
While they concluded that the operative time was 
greater in the laparoscopic group the estimated 
blood loss and the hospital stay were significantly 
less in the laparoscopic group. In addition, com- 
plications and need for re-operation were the 
same between groups. Paraiso’s findings were 
upheld by a similar study in 2007 comparing lap- 
aroscopic and abdominal sacrocolpopexy for 
vault prolapse. In this study, Hsiao et al. com- 
pared 25 patients who underwent laparoscopic 
sacrocolpopexy to 22 patients who underwent 
open abdominal sacrocolpopexy. Again, the 
operative time was longer for the laparoscopic 
group but the mean estimated blood loss and 
length of hospital stay were significantly more 
for the open abdominal approach. The anatomi- 
cal success rate at 5.9 months was 100 % for the 
laparoscopic approach and 95 % success at 11 
months for the open approach [10]. With the 
recent decline in vaginal mesh use, there has been 
a resurgence of interest in the performance of 
laparoscopic sacrocolpopexy. Tools to facilitate 
performance of this technique will certainly 
become available in the near future, further 
increasing its popularity. 

Does sacrocolpopexy require the use of syn- 
thetic mesh? This question has been asked by 
many patients who prefer to not have any syn- 
thetic mesh implanted, whether vaginally or 
abdominally. This question has been at least 
partially answered by studies performed by 
Culligan et al., looking at two biologic materials 
in an RCT study format. Processed fascia lata 
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was found to be equivalent to polypropylene in 
terms of apical support with the only differences 
in POP staging being in the lower anterior points, 
which may have been affected by the perfor- 
mance of more anti-incontinence procedures 
[11]. Evaluating cross-linked porcine dermis in 
an RCT against polypropylene mesh, objective 
anatomic and clinical cure rates were similar at 
12-month follow-up [12]. Thus, there are alterna- 
tive available biologic materials for women who 
require a sacrocolpopexy and are opposed to 
receiving synthetic mesh. 

Another laparoscopic procedure employed by 
some surgeons to elevate the vault is uterosacral 
ligament suspension. In this procedure the utero- 
sacral ligaments are essentially sutured to the 
apex of the vagina thereby elevating the apex. A 
permanent suture is used for this purpose. In the 
literature there are several case series, retrospec- 
tive trials, and some prospective studies. One 
study done in 2005 by Lin et al. reported on 133 
laparoscopic uterosacral ligament vault suspen- 
sions. In their study, they found an 87 % ana- 
tomic success rate with a mean follow-up of 3.2 
years [13]. Comparing laparoscopic uterosacral 
colpopexy at the time of vaginal hysterectomy to 
vaginal colpopexy, Rardin et al. found a higher 
recurrent symptomatic prolapse rate and 
increased risk of ureteral injury in the vaginal 
colpopexy group [14]. Though review of the lit- 
erature revealed a variety of techniques used to 
suspend the uterus, taken together these studies 
make a strong case for laparoscopic uterosacral 
ligament suspension as a feasible safe and effec- 
tive approach to treatment of vault prolapse. 

Women requesting uterine sparing prolapse 
surgery may be candidates for sacrohysterocolpo- 
pexy or uterosacral ligament suspension. For this 
purpose, surgeons have employed a variety of 
laparoscopic techniques to re-suspend the vaginal 
vault [15]. The uterosacral ligaments can be pli- 
cated bilaterally from the level of the ischial 
spines to their insertion on the uterus. Diwan et al. 
reported on 25 patients who underwent the above 
procedure and were compared to 25 patients who 
underwent a total vaginal hysterectomy with vagi- 
nal vault suspension. There were a superior ana- 
tomic and clinical outcomes associated with 
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laparoscopic uterosacral ligament uterine suspen- 
sion compared to vaginal hysterectomy and vault 
suspension as demonstrated by a significant dif- 
ference in points C and D, and the fact that three 
patients in the vaginal hysterectomy group 
required re-operation for recurrent prolapse [16]. 
These findings have been confirmed by several 
other articles in the literature making it a safe and 
effective option for women desiring uterine pres- 
ervation [17, 18]. The use of permanent sutures is 
recommended, and the recent availability of 
barbed, self-fixating sutures has facilitated the 
performance of laparoscopic vault suspension 
surgery. 


Robotics 


Robotic surgery has rapidly emerged as a popular 
minimally invasive tool for prolapse repair. 
Robotic assistance adds yet another option to the 
minimally invasive armamentarium for apical 
POP. The use of robotics started to gain popular- 
ity in the early 2000s and today is a very popular 
component of the residency training curriculum. 
Due to its durability, robotic sacrocolpopexy is 
the most commonly performed robotic pelvic 
reconstructive procedure [19]. 

The first case series to evaluate the use of 
robotic-assisted laparoscopic sacrocolpopexy 
was published by DiMarco et al. [20]. They 
reported on 5 women who underwent the proce- 
dure, three with concomitant pubovaginal sling 
placement. The only complication encountered 
was associated with the sling placement. There 
was no recurrent, anterior, posterior, or vault pro- 
lapse at 4 months of follow-up. Since this study 
there have been several other case series and ret- 
rospective studies looking at anatomic and clini- 
cal outcomes. Robotic and laparoscopic surgery 
has demonstrated equivalent anatomic outcomes 
with shorter hospital stay and decreased blood 
loss when compared to open sacrocolpopexy 
[9, 21]. To date the only prospective randomized 
trial comparing conventional laparoscopy to 
robotic-assisted laparoscopic colpopexy was 
published in 2011 by Paraiso et al. The study was 
a single-center randomized controlled trial of 
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women with stage 2—4 posthysterectomy vault 
prolapse. There were 38 women in the laparo- 
scopic group and 40 women in the robotic group. 
Though both groups demonstrated equivalent 
surgical and functional outcomes 1 year after 
surgery, robotic-assisted sacrocolpopexy resulted 
in longer operating time, increased pain, and 
increased cost when compared to traditional lap- 
aroscopy [22]. Cost being an increasingly impor- 
tant consideration, cost-minimization analysis 
has demonstrated that open ASC is less expen- 
sive then laparoscopic, and the robotic approach 
exceeded the cost of both [23]. While more long- 
term surgical follow-up is needed to clarify the 
role of robotic surgery, preliminary data seems to 
endorse its use for certain indications, POP man- 
agement being one of them. Surgeon experience 
is a key factor in optimizing outcomes and reduc- 
ing morbidity. Recently, the safety and cost- 
effectiveness of robotic surgery have been brought 
into question by professional associations and the 
FDA. The dust is yet to settle on this novel MIS 
approach. 


Vaginal Mesh 


Over the last several years vaginal mesh kits have 
also grown in popularity as a minimally invasive 
alternative to traditional native tissue POP 
repairs. The purpose of the kits was to provide a 
durable, standardized, reproducible, and effective 
product that can be easily placed after adequate 
training. Through the use of pelvic landmarks 
and employing principles of tradition repairs 
these mesh kits are used to augment or replace 
conventional vaginal repairs. 

The Apogee system (American Medical 
Systems, Minnetonka, MN) was the initial kit to 
be widely marketed. It requires a transperineal 
trocar passage to suspend the apex via a mesh 
bridge from ischial spine to ischial spine. As with 
traditional sacrospinous fixation, a posterior dis- 
section is first performed to the level of the apex. 
The para-rectal space is entered and the ischial 
spine identified. An incision is made on each 
buttock, 3 cm lateral and 3 cm posterior to the 
anus. A trocar is passed through this incision just 
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lateral to the rectum and exits anterior to the 
ischial spine and into the arcus tendineus fascia 
pelvis. This is done bilaterally. Next, each of the 
mesh arms is fastened to the tips of the trocars 
and pulled through the para-anal incisions. 
The graft is then attached to the apex and the 
vault elevated accordingly. Concomitant anterior 
and posterior colporrhaphy can be performed. 
The remainder of the graft is trimmed to size and 
sutured distally, just before the hymen. This kit 
comes as a composite with polypropylene mesh 
arms attached to a biologic graft or simply poly- 
propylene material is used throughout [6]. 
Review of the literature reveals an objective 
success rate ranging from 81 to 100 % [24]. 

The Prolift kit (Gynecare), also a trocar-based 
kit for anterior, posterior, and apical prolapse 
management, went on to become the most popu- 
lar kit based on sales volumes. Multiple studies 
demonstrated its success in anterior compartment 
prolapse when compared to native tissue repairs. 
It was also studied in the population of patients in 
whom a synthetic mesh may be most clearly indi- 
cated, those with recurrent prolapse. In this popu- 
lation, this mesh kit was associated with a 
significantly better anatomic result relative to 
native tissue repair, but subjective outcome was 
no different at 12 months. Mesh exposure rates in 
the synthetic group were 16.9 % [25]. This kit was 
removed from the market by the manufacturer in 
2012. Multiple other trocar-based kits were avail- 
able and continue to be marketed. 

Novel mesh kits utilize direct internal fixation 
techniques, and are thus trocar-free. They include 
the Elevate (AMS), Uphold, and Pinnacle (Boston 
Scientific). The Elevate kit system (American 
Medical Systems, Minnetonka, MN) which comes 
in a composite biologic graft/polypropylene mesh 
or total polypropylene mesh requires dissection 
down to the level of the ischial spine and identifica- 
tion of the sacrospinous ligaments. Once identified, 
a trocar is used to deploy a fixation soft tissue 
anchor into the ligament to which the graft is 
attached. After attaching the graft to the apex, it is 
then elevated using a pusher and locking eyelets. 
In a similar fashion the Uphold (Boston Scientific, 
Natick, MA) kit suspends the apex by using the 
sacrospinous ligaments. 
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The recent public health announcement 
released in 2011 by the Food and Drug 
Administration again called into question the use 
of transvaginal mesh. This was a follow-up to a 
2008 notification. The associated risk of erosion, 
pelvic pain, and other morbidities as well as the 
lack of data demonstrating superiority to native 
tissue repairs led to the requirement that manufac- 
turers perform a prospective surveillance program 
in order to be able to continue to market their prod- 
ucts. This process is projected to last 3 years and 
requires methodical data collection. Due to this 
scrutiny, multiple other kits have been taken off 
the market over the past year, and are therefore not 
mentioned in this discussion. Moving forward 
there will be more studies focused on not only the 
efficacy but also the complication profile of 
transvaginal mesh. It is unlikely that mesh kits 
will regain a significant market share once the 
FDA’s 522 process is completed. It is very unclear 
what role mesh implanted via the vaginal route 
will have in future of POP surgery. 


Native Tissue POP Repairs 


Using a patient’s endogenous support structures 
via the vaginal approach has been the leading 
principle followed by traditional surgical practice 
for POP. Due to the lack of tools to accurately 
report outcomes, most of the older surgical 
reports were subjective, short term, and in small 
case series. As a consequence, the true success 
rates were unclear. Due to the recent controver- 
sies surrounding vaginal mesh, there has been a 
large degree of interest in performing native tis- 
sue repairs, but with improved techniques rela- 
tive to older reports. 

For apical support, various structures are 
available to anchor the vaginal apex. Reaching 
the sacral promontory—as for a sacrocolpo- 
pexy—via a vaginal approach has not been 
achievable until the present time. Thus, all vagi- 
nal vault suspension procedures are performed 
with either unilateral or bilateral attachment to a 
firm pelvic structure. In general, the available 
structures are connected to the ischial spines— 
landmark body structures located along the 
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Fig. 20.2 Bilateral sacrospinous fixation maintains bilat- 
eral vaginal symmetry. (Courtesy of the Cleveland Clinic 
Foundation) 


posterior lateral pelvis. The spines are located 
lateral to the site of cardinal ligament attachment 
to the cervix and thus are located along a physi- 
ological level in the pelvis. Successfully utilized 
support structures emanating from the ischial 
spine include the sacrospinous ligaments (thick 
bands extending to the sacrum), arcus tendineus 
fascia pelvis (extending laterally towards the pubic 
symphysis), and the ileococcygeus fascia (overly- 
ing the ileococcygeus muscle along the lateral pel- 
vic sidewall, inferior to the arcus tendineus). These 
structures are readily accessible via a posterior or 
anterior pelvic dissection, and have been reported 
to allow effective apical support restoration by 
various fixation mechanisms. Among the accepted 
native tissue repair techniques for apical POP, 
the most commonly used ones are as follows: 


Sacrospinous Ligament Fixation 

Because these ligaments are predictably strong 
and easy to identify along the posterior margin of 
the para-rectal space, sacrospinous fixation is 
likely the most commonly performed minimally 
invasive native tissue apical suspension technique. 
The procedure was initially performed unilaterally 
on the patient’s right side. It has now been reported 
in a bilateral configuration in order to maintain 
vaginal symmetry (Fig. 20.2). There is, however, 
no objective data to demonstrate superiority for 
either approach. One or two sutures, preferably 


permanent monofilament, are placed thru the 
ligament approximately 1—2 cm from the ischial 
spine, using one of a variety of available suture 
passers. The suture is then passed through the 
apical cuff scar tissue (or posterior cervix if a 
hysteropexy is being performed) and then tied, 
elevating the apex to the ligament. If a bilateral 
approach is performed, the procedure is repeated 
on the opposite side. Correction of anterior and/ 
or posterior vaginal prolapse is usually required 
and can then be performed. 


Complications of sacrospinous fixation include but- 
tock pain and sciatic nerve pain if the fixation sutures 
are placed too deeply into the ligament, or distal to 
the ligament’s inferior edge. Since the procedure 
deviates the vaginal axis somewhat horizontally rela- 
tive to the physiologic axis, cystocele formation is a 
recognized consequence of this procedure. The 
resultant cystocele rate is >20 %, but typically 
asymptomatic, not requiring re-operation. 
Sacrospinous fixation has been compared to mesh kit 
repair in a randomized, controlled format, with better 
success rate for the mesh kit (POP recurrence 39.4 % 
vs. 16.9 %), but a 20.8 % erosion rate was identified 
with the mesh kit [26]. 


Uterosacral Ligament Suspension 

Perhaps the most physiologic approach to vault 
suspension is to suspend the vault to the ligaments 
which originally gave support to the uterus and 
vaginal apex, the uterosacral ligaments. Attaching 
the vault to a more proximal site along these liga- 
ments can maintain a normal vaginal axis. When 
this procedure is performed at the time of a vagi- 
nal hysterectomy it is commonly termed a McCall 
culdoplasty. When performed for posthysterec- 
tomy vault prolapse, it is termed a high uterosac- 
ral vault suspension. Neither term is exclusive for 
that application. In either case, the ligaments can 
be plicated in the midline and attached to the mid- 
point of the apex or each ligament can be attached 
to the ipsilateral apex (Fig. 20.3). There is no data 
to specify which is more effective. The success 
rate of this technique is very high, and both ante- 
rior and posterior vaginal fascial defects should 
be corrected at the same time [27]. The technique 
can be accomplished via an intraperitoneal or ret- 
roperitoneal approach, the former recently being 
more commonly used. When performed in a 
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Fig.20.3 Uterosacral ligament suspension can be performed with midline (a) or bilateral (b) fixation. (Courtesy of the 


Cleveland Clinic Foundation) 


posthysterectomy scenario, it may be challenging 
to identify the ligaments, especially if the pro- 
lapse is large and the apex wide. Care must be 
taken to avoid ureteral kinking or ligation, as rates 
of 2-12 % have been reported. The sutures should 
never be placed anterior to the ischial spines, and 
intraoperative cystoscopy is mandatory to con- 
firm ureteral patency. A more recently recognized 
risk is sacral root nerve entrapment during this 
procedure. Although the risk is only 1.6 %, this 
complication requires suture removal and thus 
jeopardizes the success of the surgery [28, 29]. 


lleococcygeus Suspension 

Utilizing the ileococcygeus fascia may be the safest 
means to achieve vault suspension. This support 
structure can be reached via a posterior vaginal dis- 
section into the para-rectal space, identification of 
the ischial spine, and palpation of the fascia imme- 
diately below the arcus tendineus fascia pelvis. 
Permanent sutures can be placed through this fas- 
cia and attached to the ipsilateral vaginal apex. 
Acceptable success rates have been reported [30]. 
Vaginal depth may be difficult to maintain if the 
vagina has an original depth of >8 cm. Reported 
complication rates are very low as no major struc- 
tures are located deep to the ileococcygeus fascia. 
This technique can be used as primary therapy, or 
as salvage therapy for a patient who underwent a 
unilateral sacrospinous fixation and weakness of the 


opposite apex is noted. In this scenario, a transmu- 
cosal ileococcygeus “hitch” can be performed with 
a monofilament suture. 


Colpocleisis 


Another minimally invasive surgery to address 
vault prolapse is a LeFort colpocleisis. This oblit- 
erative procedure was first described in 1877 by 
Leon LeFort. It is a minimal risk procedure 
requiring short operative time and can be per- 
formed under spinal or local anesthesia thereby 
decreasing anesthetic morbidity. Candidates for 
this type of surgery are elderly women who do 
not plan on having intercourse, and/or who may 
have significant medical comorbidities. 

The surgical technique entails denuding 
rectangular segments of the anterior and poste- 
rior vaginal epithelium. The rectangles are 
sutured together in the midline from front to 
back, such that the middle portion of the vagi- 
nal canal is obliterated. A high perineoplasty is 
performed allowing the passage of only one fin- 
ger into the vagina, exposing only the urethra. 
This procedure can be performed using the 
same technique regardless of the presence or 
absence of a uterus. 

The largest published series confirmed the 
high success rate and satisfaction with this 
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procedure [31]. We reported on 355 patients who 
underwent a LeFort colpocleisis. The mean age 
was 81.3+5.3 years, and a mean follow-up of 45 
weeks. Anatomic success rate and patient satis- 
faction were 98.1 % and 92.9 %, respectively. 
Using a protocol focused on regional anesthesia, 
careful preoperative clearance, and early ambula- 
tion, associated morbidity is minimal, despite the 
advanced age of these patients. 


Summary 


There are many safe and effective minimally 
invasive means for re-suspending a prolapsed 
vaginal apex. Individual patient characteristics 
should be considered primarily when selecting a 
surgical approach. Surgeon experience and com- 
fort should also be realistically taken into account. 
As such, very active young woman for whom 
maintaining optimal sexual activity is important 
may best be served with a laparoscopic or robotic 
sacrocolpopexy, a postmenopausal woman may 
be optimally treated via a vaginal approach vault 
suspension, and an elderly woman who has not 
been, and will not be, sexually active with a 
colpocleisis. 

Regardless of the approach, assessment of 
bladder function preoperatively, tissue prepara- 
tion with local estrogen cream as indicated, and 
allowing unstressed healing during the early 
postoperative healing phase are all keys to opti- 
mizing surgical outcomes. 
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Pelvic organ prolapse (POP) is a condition affect- 
ing approximately 30 % of the population. 
Eleven to 19 % of the population will undergo 
surgery for symptomatic cure [1, 2]. Nearly 
166,000 patients per year undergo surgical pro- 
cedures for the treatment of POP [3]. With an 
expected increase in life expectancy, there will 
be an increasing number of patients who pres- 
ent with POP. It is forecasted that the total num- 
ber of women who will undergo surgery for 
POP will increase from 166,000 in 2010 to 
245,970 in 2050 based on rates of inpatient and 
outpatient surgeries and the growing US census 
data [3]. Predisposing factors contributing to 
the development of POP include age, parity, 
obesity, menopause, number of vaginal deliver- 
ies, chronic strain, genetics, and connective tis- 
sue disorders [4, 5]. There has been a higher 
reported predominance of POP amongst 
Caucasian women than in African American 
and Hispanic women [6]. Despite its preva- 
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lence, POP is a condition that many women are 
not aware of until they become symptomatic 
and seek medical attention. One population- 
based observational study revealed that 
68-73 % of women greater than age 60 had 
stage 2 or greater prolapse [7]. Of those, 30 % 
had stage 3 POP. In women between the ages of 
60 and 69, 68 % of women had POP-Q stage 2 
or greater. In women greater than 70 years old, 
over 73 % had POP-Q stage 2 or greater. There 
are many women who have stage 2 or greater 
prolapse that are asymptomatic and do not seek 
surgical treatment. Therefore, a small number 
of those patients who become symptomatic 
will eventually seek treatment. Despite over 
half of patients having had POP, a significantly 
smaller number, approximately 11 %, will 
eventually undergo surgery for symptomatic 
prolapse. Adequate counseling regarding the 
expectations and inherent risks for POP sur- 
gery is necessary, as reoperation carries a high 
risk of up to 30 % [3]. 


General Complications 


Patients must be informed of the potential risks 
associated with undergoing an elective proce- 
dure. All patients undergo informed consent 
prior to POP surgery. General risks including 
bleeding; pain; infection; injury to proximate 
organs such as the bladder, bowels, rectum, ureter, 
and urethra; injury to blood vessels; and injury to 


249 


Organ Prolapse, Current Clinical Urology, DOI 10.1007/978-1-4939-0008-4_21, 


© Springer Science+Business Media New York 2014 


250 


nearby nerves are discussed with the patient. In 
addition, further counseling including risks for 
prolapse recurrence and for urinary inconti- 
nence are discussed with the patient. It is impor- 
tant to address the potential risks beforehand to 
ensure that patient’s expectations are met post- 
operatively. A patient who experiences devia- 
tion from what she expects may perceive the 
surgery as a failure even though her prolapse is 
repaired. Therefore, it is important to set expec- 
tations early. 


Evaluation of Patient After 
Complication 


Patients who present with complications after 
a prolapse procedure require a comprehen- 
sive history and physical examination. If the 
patient is able to obtain operative notes, it is 
extremely helpful in the patient’s manage- 
ment, as key components of the procedure, 
which may have been technically complex, 
can help with understanding the patient’s con- 
dition. After a complication from prolapse sur- 
gery, the patient’s primary complaint should 
be first and foremost addressed. There may be 
multiple presenting complaints (Table 21.1). 
The surgeon should focus the examination and 
diagnostic evaluation based on the patient’s 
primary complaint. A complete history should 
be obtained including the specific onset and 
timing of symptoms relative to the surgery. 
Aggravating and alleviating factors should be 
elicited. A complete physical examination and 
focused genitourinary exam should be per- 
formed. If the patient complains of pain, the 
specific area needs to be completely evalu- 
ated. If it is pain or weakness in the leg, assess- 
ment of the leg and basic neurologic evaluation 
should be performed. Each vaginal compart- 
ment needs to be closely examined. Evaluation 
of tissue quality and evidence of mesh-related 
issues should be noted. 

In addition to a physical and genital exami- 
nation, additional diagnostic evaluation may be 
available. Some centers have employed the use 


D. Chow et al. 


of the translabial ultrasound (TLUS) for the 
evaluation of mesh-related complications. As 
mesh is not visible on CT scan or MRI, utiliza- 
tion of TLUS allows the characteristics of the 
mesh to be visualized in 2D and 3D. 
Characteristics such as residual segments, frag- 
mentation, folding, proximity to the bladder 
neck, and depth of placement can be visualized. 
We have found this modality especially useful for 
patients who have undergone prior excisional 
attempts and who have residual fragments of 
mesh in place; this modality can also be useful 
where we suspect the proximity of the mesh may 
penetrate into bladder or urethra and conse- 
quently require reconstruction. TLUS is particu- 
larly helpful in visualizing remnant pieces of 
mesh and helps preoperative surgical planning 
and patient counseling regarding the potential 
risks and outcome. It can also be used to rule out 
any evidence of mesh if the patient does not have 
an operative note or does not recall if mesh was 
placed. Other anatomic findings visible on TLUS 
are urethral mobility and anterior compartment 
prolapse. 

In this chapter, we will discuss transvaginal, 
transabdominal, and mesh-augmented POP- 
related complications. We will seek to (1) define 
the complications of prolapse surgery in general 
and by compartment, (2) define complications 
by mesh, and (3) offer ways to treat complication 
from POP surgery. 


General Complications 
Lower Urinary Tract Complications 


Lower urinary tract (LUT) injuries during benign 
gynecologic surgeries are rare. During prolapse 
surgery for the anterior and apical compart- 
ments, the LUT is in close proximity and thus at 
risk for injury. If these injuries are not recog- 
nized intraoperatively, patients may develop 
symptoms of unexplained postoperative pain, 
fever, malaise, peritonitis, or ileus. They may be 
associated with loss of renal function, prolonged 
catheter drainage, urinary tract infections (UTIs), 
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Table 21.1 Classifying complications 


Vagina 
Vaginal bleeding 


Vaginal discharge 


Vaginal infection 


Lower urinary tract 
Urinary obstruction 
(a) Urethral 
(b) Ureteric 


Urethral incontinence 
(a) Stress 
(b) Positional 


Bladder incontinence 
(a) De novo OAB 
(b) Worsening OAB 


Bowel or rectal 
Fistula 

(a) Rectovaginal 
(b) Enterovaginal 


Mesh erosion 
(a) Rectum 
(b) Small bowel 


Defecatory dysfunction 
(a) Diarrhea 
(b) Obstructive 
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Skin/musculoskeletal/neurological 
Skin infection 

(a) Cutaneous sinus tract 

(b) Abscess 

(c) Labial or suprapubic cellulitis 
Pain 

(a) Suprapubic 

(b) Hip/pelvic/sacrum 

(c) Lower extremity 
Subcutaneous 

(a) Hematoma 

(b) Seroma 


(c) Overflow 


(c) Defecation 


(d) Constipation 


(e) Stool urgency 


(f) Stool incontinence 


Recurrent prolapse Fistula 


(a) Urethral 

(b) Vesicovaginal 

(c) Ureteral 
Dyspareunia/vaginal pain Urethral mesh erosion 
Bladder mesh erosion 


Vaginal stenosis/shortening Recurrent urinary tract 


infections 


Mesh exposure/extrusion/ Stones 


intraepithelial infiltration 


ureterovaginal or vesicovaginal fistulas, and a 
consequent return to the operating room may be 
warranted. A systematic review was performed 
[8] from 1966 to 1998 to examine the frequency 
of LUT injuries after major benign gynecologic 
surgery. The overall frequency of bladder injury 
was 2.6-10.4 per 1,000; overall frequency of 
ureteral injury was 1.6-6.2 per 1,000. In cases 
where routine cystoscopy was performed, there 
was a higher rate of recognition, and 90 % of 
unsuspected ureteral injuries and 85 % of unsus- 
pected bladder injuries were identified and man- 
aged successfully intraoperatively. About 70 % 
of recognized ureteral injuries were repaired by 
the release of a suture. However, when injuries 
are not recognized intraoperatively, patients 
may return with findings of a urinary fistula and 
need for operation. 


Bowel obstruction 


Neurological: with or without 
neurological deficit 


(a) Sciatic pain 

(b) Pudendal 

(c) Ihoinguinal 

(d) Femoro-cutaneous 


Perineal abscess 


Bladder Injury 


Bladder perforations are rare during benign 
gynecologic procedures. One study [9] reported a 
0.5 % rate of bladder perforation in patients with 
anterior colporrhaphy versus 3.5 % in mesh- 
augmented repairs. In benign gynecology evalu- 
ating hysterectomies, another study [10] reported 
that the incidence of bladder injury was highest 
in patients undergoing laparoscopic-assisted 
hysterectomy (LAH) and vaginal hysterectomy 
(VH), 13.8 per 1,000 and 13.1 per 1,000, respec- 
tively. Total abdominal hysterectomy, subtotal 
hysterectomy, and radical hysterectomy had a 
lower risk of bladder injury. An unrecognized 
intraoperative bladder injury may lead to a vesi- 
covaginal fistula. In mesh-augmented repairs, 
bladder erosion due to unrecognized penetration 
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may be present and will be further discussed 
later in this chapter. Performing intraoperative 
cystoscopy is essential during cystocele repair. 
Recognized bladder injuries may be closed in 
two layers with absorbable suture. Injection of 
indigo carmine or methylene blue may be used to 
test for leakage and to ensure water-tight closure. 
A Martius flap is not required unless there is a 
concern for a high risk of vesicovaginal fistula, 
for instance in a patient who has had radiation to 
the pelvis. We do not advocate the use of mesh in 
the anterior compartment after recognition of a 
bladder injury. The Foley catheter should be left 
in place for 7-10 days and some may consider 
performing a cystogram prior to removal of the 
Foley catheter. 


Ureteral Injury 


Patients who undergo anterior and apical repairs 
should undergo evaluation for ureteral patency, 
as there is a risk for ureteral injury. Ureteral 
injury during hysterectomy was higher during 
LAH [11] and less likely recognized [10] versus 
open hysterectomy. The incidence of ureteral 
injury was much lower during VH at 0.7 per 
1,000, and routine cystoscopy is not recom- 
mended unless there is a high index of suspicion. 
Cystoscopy with the use of indigo carmine may 
be administered, and the ureteral orifices may be 
examined for efflux to ensure ureteral patency, 
ruling out ureteral obstruction. If injury is sus- 
pected a guide wire or 5-French open-ended ure- 
teral catheter may be passed. If it passes smoothly 
and subsequent efflux is visualized, no injury is 
present. If fluoroscopy is available, retrograde 
instillation of contrast may be placed up the 
ureteral orifice to assess the ureter. If live fluoros- 
copy is not available, a one-shot intravenous 
pyelogram can be performed by injecting intrave- 
nous contrast at 1 mL per pound of body weight 
up to a maximum of 150 mL and performing an 
X-ray 10 min after administration. 

If ureteral obstruction is found from an ante- 
rior or apical repair, sutures will need to be 
released in order to alleviate the obstruction. 
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Intraoperatively, the cystocele or apical sutures 
may be released, and patency of the ureter can be 
evaluated. A retrograde pyelogram may be per- 
formed, and the ureter may be evaluated if unable 
to pass a catheter or stent. If there is no extravasa- 
tion but the ureteral appears deviated, a suture 
can be released and a stent inserted. If extravasa- 
tion is noted, a ureteroureterostomy may be 
attempted. A ureteral reimplant may be done if 
necessary and all other measures have been 
exhausted. Postoperatively, however, if a patient 
presents with flank pain and/or diminished renal 
function, evaluation to rule out hydronephrosis is 
required. A renal ultrasound or CT urogram (with 
delay of the collecting system imperative) may be 
performed to evaluate the upper tract. The passage 
of a ureteral stent can be attempted if signs of 
obstruction are observed postoperatively. If this 
fails, then a percutaneous nephrostomy tube may 
be placed, and an antegrade stent may also be 
attempted. Depending on the location and length 
of ureteric injury, a ureteral reimplant with or 
without a psoas hitch may be needed, and in rare 
instances a Boari flap may be necessary. 

Ureteral transection is a possible, albeit rare, 
occurrence during POP surgery. There is a higher 
risk of ureteral transection during any transab- 
dominal surgery for prolapse. During abdominal 
sacral colpopexy, for instance, the ureter is in 
close proximity to the fixation point of sacral 
promontory. If concern exists intraoperatively for 
a ureteral transection, the evaluation is similar to 
that discussed previously. In addition, the ureter may 
be directly examined intraoperatively. If injury is 
observed, depending on the location of injury, a 
ureteral reimplantation, psoas hitch, or Boari flap 
may be necessary. 


Urinary Incontinence 


A good history is key to the discussion of new 
onset postoperative urinary incontinence. Patients 
need to be queried regarding the specific onset of 
symptoms and their duration. Discussion with 
the patient regarding the timing of events is 
essential. Was the patient dry prior to surgery? Had 
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she ever had episodes of urinary incontinence 
prior to surgery? When does the incontinence 
occur—is it constant, or does it occur with 
stress or urgency? A careful history is essential 
in identifying the factors contributing to the 
patient’s complaint. It is imperative that the phy- 
sician rule out a urinary fistula. If suspicion is 
high for a fistula, investigation for a urethrovagi- 
nal, vesicovaginal, or ureterovaginal fistula must 
be performed. This can be done with a pyridium- 
indigo carmine dye test, retrograde pyelogram, or 
CT cystogram. When asking a patient to perform 
the pyridium test, a tampon should be placed in 
the vagina. At the time of removal of the tampon, 
the patient should note the location of the site 
of orange discoloration, if any. The patient may 
save the stained tampon or may take a photo to 
show the region of stain. This will help facilitate 
localizing the fistula. If obtaining a VCUG, it is 
essential to obtain static lateral films, voiding 
phase images at 30° lateral, and a post-void film to 
rule out the presence of a urethrovaginal or vesico- 
vaginal fistula. Patients who present with inconti- 
nence after prolapse surgery need to be evaluated 
with urodynamics. The addition of fluoroscopy 
may also be helpful. 


De Novo Stress Urinary Incontinence 

Preoperative counseling in high grade anterior 
wall and apical prolapse should include the 
discussion of de novo stress urinary incontinence 
(SUI). Management of the urethra at the time of 
POP surgery has been largely dependent on 
surgeon preference and patient counseling. 
During high grade anterior vaginal wall prolapse, 
urethral kinking may mask occult SUI. 
Preoperatively, patients may have their prolapse 
reduced via vaginal pack, half speculum, pessary, 
or rectal swabs during physical examination or 
urodynamics study to check for occult SUI. 
However, methods of prolapse reduction mea- 
sures in unmasking SUI have been inconsistent, 
ranging from 6 to 30 % [12]. There are advocates 
of performing an anti-incontinence procedure at 
the time of high grade prolapse repair versus 
selective management of the urethra. Advocates 
of performing a prophylactic sling at the time of 
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prolapse repair believe that creating the anatomic 
support is essential in high grade prolapse repair. 
The recent OPUS trial has also reinforced that 
performing a prophylactic transvaginal tape 
(TVT) during vaginal POP surgery demonstrated 
superior continence rates at 12 months [13]. 

In contrast, those in favor of selective manage- 
ment believe that there may be risks in perform- 
ing a prophylactic sling that may outweigh the 
benefits. One study reported that the risk of inter- 
vention with a second surgery due to postopera- 
tive urinary obstruction from a sling versus the 
risk of having to place a sling in the future in 
patients without demonstrable preoperative SUI 
was 8.5 % and 8.3 %, respectively [14]. Thus, the 
risk of placing a sling that causes obstruction is 
nearly equivalent to the risk of intervention due 
to SUL Therefore, patients may require a second 
surgery for a procedure that may not have been 
necessary. If, however, the patients reported clin- 
ical SUI, which was unable to be demonstrated 
by urodynamics or prolapse reduction, those 
patients had a 30 % risk of postoperative SUI. 
One can expect that risk would be higher for 
those with clinical SUI. Therefore, an informed 
discussion with the patient is of utmost impor- 
tance when undergoing POP surgery involving 
the choice of whether an anti-incontinence proce- 
dure should be performed at that time. 


Urge Incontinence 

Patients may have symptoms of overactive 
bladder (OAB) and urge urinary incontinence 
preoperatively or may develop it de novo postop- 
eratively. When evaluating a postoperative 
patient, urinary obstruction must be ruled out as a 
cause of her presenting symptoms of OAB. 
Preoperatively, patients must be counseled that 
their symptoms of OAB may not resolve after 
POP surgery and that they may need to continue 
taking medication or seek other therapies for 
OAB. de Boer et al. reported that patients who 
did not have OAB preoperatively would likely 
not experience it postoperatively. Furthermore, 
in symptomatic patients with OAB, 69 % of 
women had improvement after POP surgery [15]. 
Thus, 30 % of symptomatic OAB patients may 
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continue to have symptoms. A retrospective 
review of women who underwent primary POP 
surgery and who did not have OAB preopera- 
tively developed de novo OAB in ~20 % of 
patients. Of those patients, 75 % of them had a 
TVT procedure. The study showed that older 
age, BMI, and history of a TVT procedure were 
risk factors for de novo OAB [16]. It is important 
to counsel patients that there is a risk of develop- 
ing symptoms of OAB postoperatively. 


Fistula 


Vesicovaginal, urethrovaginal, and ureterovaginal 
fistula may occur during hysterectomy or any pel- 
vic reconstructive surgery. Predisposing factors 
include unrecognized intraoperative perforation 
of the ureter, urethra or bladder, pelvic radiation, 
prior uterine surgery [17], fibroids or pelvic mass, 
endometriosis, or steroid use. Urethrovaginal fistu- 
las may occur after sling placement. Rectovaginal 
fistula can form rarely after rectocele repair how- 
ever, factors that may increase risk are inflamma- 
tory bowel conditions, malignancy, and pelvic 
radiation. Evaluation for vesicovaginal fistula 
may include the indigo carmine dye test or other 
diagnostic imaging as discussed earlier in this 
chapter. A urethrovaginal fistula may be diag- 
nosed with a VCUG with lateral static and void- 
ing images. A rectovaginal fistula may be 
diagnosed on physical examination or diagnosti- 
cally by obtaining a rectogram or gastrograffin 
enema. Once diagnosis is confirmed, discussion 
with the patient for surgical intervention will need 
to be undertaken. 


Nerve Injury 


Nerve injury may result from the surgical proce- 
dure or from patient positioning prior to surgery. 
Positioning in the dorsal lithotomy position for 
vaginal surgery may result in injury of the com- 
mon peroneal nerve from direct compression 
against the stirrup, which results in foot drop. 
A retractor placed around the inguinal area dur- 
ing open surgery may compress the femoral or 
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femoro-cutaneous nerves resulting in pain in the 
inguinal region, difficulty with hip flexion, knee 
extension, or numbness in the anteromedial thigh. 
Over-flexion of the hip may cause stretching of 
the sciatic or femoral nerves and can be prevented 
by limiting abduction and outward rotation of the 
hip. As a result of over-flexion, patients may per- 
ceive weakness in hip flexion or decreased sensa- 
tion of the ipsilateral thigh. Most of these 
positional cases of nerve injury will resolve over 
time. Physical therapy consultation may be helpful. 
Direct nerve injury to the ilioinginual, anterior, 
lateral, and posterior cutaneous, pudendal, and 
sciatic nerve all may occur during surgery. 


Recurrence and Definition 
of Failure 


Due to a high failure rate of POP surgery there 
have been efforts to develop new technologies to 
improve outcomes. Not only does the technology 
need to have equivalent or better anatomical out- 
comes, but important factors include patient sat- 
isfaction and low rates of complications. The 
definition of failure no longer is restricted to the 
anatomic outcome, as quality of life and symp- 
toms are also factored. If the patient has a stage 2 
POP-Q, but is asymptomatic, that should not be 
considered a failure. Previously, mesh- and graft- 
augmented repairs were noted to give an ana- 
tomic success defined as POP-Q stage 1 or 0. 
However, with the proliferation of mesh and the 
ensuing complications associated with it, many 
have further probed the definition of success after 
prolapse repair. Is it the anatomy or the symp- 
tomatic improvement that defines a successful 
repair? Native tissue repair has had variable 
success rates with high failure rate leading to the 
use of mesh-augmented repairs. Anatomic 
improvement with mesh-augmented repairs has 
demonstrated to be superior to that of native tis- 
sue repairs. However, mesh-induced complica- 
tions, including mesh extrusion, erosion, vaginal 
pain, dyspareunia, leg and groin pain, difficulty 
ambulating, and neuropathy, have led pelvic floor 
surgeons to reexamine the pros and cons of mesh- 
augmented repairs. 
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Transvaginal Pelvic Organ Prolapse 
Repairs and Their Complications 


POP complications resulting from a transvagi- 
nal approach will be addressed according to 
compartments. Intraoperative risks during trans- 
vaginal POP surgery include hemorrhage requir- 
ing transfusion; however, they are 
Postoperative complications for transvaginal 
POP surgery include urinary or bowel fistula, 
urinary incontinence or obstruction, and recur- 
rent prolapse. Each compartment will be dis- 
cussed individually for its respective, unique 
complications. 


rare. 


The Anterior Compartment 


Cystoceles are the most prevalent prolapsed com- 
partment [18]. The determining factor to inter- 
vention for prolapse is the symptomatic bother to 
the patient. Traditional anterior colporrhaphy is 
described as reapproximation/plication of the 
pubocervical fascia [19]. Failure rates have been 
wide ranging dependent on the measurement of 
failure being symptomatic versus anatomic suc- 
cess with reports of failures in the range from 40 
[20] to 70 % [21]. 


Recurrence 

After anterior colporrhaphy, anatomic success has 
been noted as low as 30 % [21]. In order to repair a 
recurrent cystocele, one has to assess tissue quality 
and other compartmental defects. If there is apical 
descent, a vault suspension procedure will need to be 
performed, as failure to correct the vault results in a 
high incidence of recurrent prolapse. Not surpris- 
ingly though, the recurrence rate after recurrent cys- 
tocele repair is less than primary repair. One study 
[22] reported a success rate at 2 years of 42 % versus 
71 % for recurrent and primary anterior colporrha- 
phy, respectively. Because of high recurrence rates, 
augmented procedures were introduced. These pro- 
cedures have shown improvement in anatomic out- 
comes but not necessarily functional outcomes with 
higher complication rates. Mesh-augmented repairs 
will be discussed later in this chapter. 
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Urinary Obstruction 

A patient may present with urinary retention and 
obstructive voiding symptoms after a cystocele 
repair and/or sling procedure. A recurrent or de 
novo cystocele may lead to urethral kinking and 
obstruction. However, if a sling procedure was 
performed, the patient may require urethrolysis 
and/or sling excision in additional to anatomic 
correction of the cystocele. If a patient presents 
with new onset urinary obstruction after a cysto- 
cele repair, a complete workup including urody- 
namics and cystoscopy is needed to determine 
the etiology. Obstruction after a sling may be due 
to excessive tensioning, position of the sling (too 
distal or too proximal), deep insertion (penetra- 
tion of periurethral fascia reaching the submu- 
cosa), urethral fibrosis due to scarring, or the 
effect of a primary or secondary cystocele (pri- 
mary was present at the time of surgery and not 
corrected or secondary due to later development). 
Some patients may present with a history of 
recurrent UTIs due to urinary obstruction and 
incomplete voiding. In patients that fail sling 
incision or excision, primary urethrolysis may be 
required. In recurrent obstruction, urethrolysis 
with placement of a retropubic Martius fat pad 
may be performed to prevent scarring and fixa- 
tion of the urethra. If a bladder neck suspension 
was performed initially, some advocate for a 
suprameatal urethrolysis. These techniques are 
dependent on surgeon experience and comfort 
level in performing these procedures. In very 
selective cases with failed urethrolysis, where 
bladder neck obstruction is found secondary to 
urethral fibrosis or fixation, an incision of the 
bladder neck may be performed. 


The Vaginal Apex 

Vaginal apical support plays a significant role in 
POP surgery. The ideal procedure provides a 
durable suspension that does not affect sexual or 
visceral function and is associated with minimal 
complications. Transvaginal procedures that pro- 
vide restoration to vaginal apical support include 
uterosacral ligament suspension (USLS), SSL 
fixation (SSLF), and iliococcygeus fascial fixa- 
tion (ICFF). The abdominal sacrocolpopexy 
(ASC), which is a transabdominal procedure, is 
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also effective for vaginal vault suspension and 
considered by some experts as one of the most 
durable repairs for apical prolapse. Indications 
for ASC over a vaginal approach would be a 
young patient, preoperative vaginal shortening, 
and failed prior repairs. The vaginal approaches, 
however, provide patients with a faster recovery, 
shorter hospital stay, and avoidance of an intra- 
abdominal procedure. In addition, all compart- 
ments may be addressed transvaginally. The 
approach to POP surgery greatly depends on 
surgeon’s experience, as the best operation is the 
one that works best in that particular surgeon 
hands. 


Transvaginal Vault Suspensions 
Transvaginal vault suspensions include USLS, 
SSLF, and iliococcygeus suspension. These sus- 
pension and fixation procedures involve suturing 
of the apex to each respective ligament or muscle 
and fascia. 


Uterosacral Ligament Suspension 
Procedure 
USLS has been described as suturing the apex of 
the vagina to the origin of the uterosacral liga- 
ment. This procedure may be performed trans- 
vaginally or abdominally. Delayed absorbable or 
permanent suture may be used for the suspen- 
sion. Transvaginal USLS has had reported suc- 
cessful apical outcomes in 98 % of patients with 
a median follow-up of 25 months [23]. 
Intraoperative complications from USLS 
most commonly occur at the urinary tract where 
ureteral injury and kinking have been reported 
as low as 1.8 % [24] and as high as 11 % in 
patients where cystoscopy was utilized [25]. If 
the injury is recognized immediately, the suture 
may be removed and resolution of the occlu- 
sion may be noted. However, if recognition of 
the injury is delayed, a ureteral reimplantation 
may be required. Ureteral injury may be 
avoided by placing the suspension sutures at 
the level of the ischial spine, which has been 
shown to be the furthest position, approxi- 
mately 4.9 cm from the ureter and vascular 
structures [26]. Avoiding ureteric injury 
depends on the direction or axis of the sutures 
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placement. Our method involves a posterior 
insertion in the groove between the rectum and 
levator, which will avoid the ureter. 

Most common postoperative complications 
from a USLS include nerve or musculoskeletal 
complications. The pain in the buttock or poste- 
rior thigh may be due to the incorporation of 
sutures into the levator and obturator muscles 
without definitive nerve injury. A retrospective 
review of 278 women who underwent transvagi- 
nal USLS was performed, identifying 19 (6.8 %) 
women who had sensory neuropathy. Most com- 
monly, buttock pain (73.7 %) and posterior thigh 
pain (57.9 %) were present. Some women under- 
went suture removal approximately 2 months 
after surgery and most of the women had full 
symptomatic improvement, while partial 
improvement was noted in the remaining patients 
[27]. Neural complications have been studied in 
cadaver specimens, the sacral nerve roots being 
the most vulnerable neural structures involved 
during USLS [28]. Bowel complications are rare 
with 0.5 % injury and only 3 reported cases of 
bowel obstruction [29, 30]. Hemorrhage requiring 
transfusion for apical vault suspension procedures 
is rare. 


Sacrospinous Ligament (SSL) Fixation 
Procedure 

The SSLF has been shown to be effective in cor- 
recting apical prolapse. Long-term success rates 
have been reported as high as 84-99 % [31]. The 
ligament may be palpated and a suture is placed 
one to two fingerbreadths medial from the spine 
to avoid damage to the pudendal nerve and ves- 
sels. Sutures may be placed unilaterally or 
bilaterally directly or with a suture carrying 
device. In recent years, vaginal vault procedures 
have been substituted by the use of mesh in dif- 
ferent anchoring system to the SSL. With the 
recent FDA warnings, a decline of mesh use is 
expected. 

Intraoperative complications of SSLF include 
injury to the bladder, rectum, or ureter, which are 
rare. Intraoperative bleeding requiring blood trans- 
fusion has been reported as 0.5-2.5 % [31]. The 
inferior gluteal artery has been cited as the most 
common vessel injured during SSLF [32]. Nearby 
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vessels including superior gluteal, internal pudendal, 
vertebral, middle sacral, lateral sacral and external 
iliac, and other anastomosing vessels posterior to the 
SSL can also be injured and hemorrhage during 
SSLEF. Intraoperatively, diffuse venous bleeding may 
be controlled using pressure and packing. 
Prohemostatic agents such as surgical Nuknit or 
Surgicel may also be used if necessary. During 
suture placement, sutures are placed 1-2 cm medial 
to the ischial spine to prevent vascular and nerve 
injuries. 

Some postoperative complications include 
reports of fever, abscess, and hemorrhage 
requiring transfusion [24]. Pain symptoms 
include gluteal pain, buttock pain, or posterior 
thigh pain, which has been cited to resolve in as 
little as weeks to 6 months. De novo dyspareu- 
nia has been reported in approximately 1-7 % 
of cases [33-36]. One factor which may con- 
tribute to dyspareunia is narrowing of the 
introitus during perineorraphy. Release of the 
SSLF sutures may lead to resolution of dyspa- 
reunia [33]. 

The development of anterior compartment 
prolapse after SSLF has been described as the 
most common site of failure [37]. This failure has 
been cited due to retroversion of the vagina, dis- 
placing the vaginal apex posteriorly and allowing 
anterior descensus. Patients need to be thor- 
oughly counseled prior to procedures of the risks 
of recurrence and potential risks of other com- 
partmental defects. 


lliococcygeus Suspension Procedure 
Tliococcygeus suspension entails attachment of 
the vaginal vault to the fascia of the iliococcy- 
geus muscle and has been reported to have long- 
term anatomic success [38]. Iliococcygeus 
suspension involves bilateral fixation of the vagi- 
nal apex. The point of fixation is located 1-2 cm 
caudad and posterior to the ischial spine. This is 
an alternative choice to the SSLF, as the proposed 
advantage is the decreased risk of neurovascular 
injury and decreased risk of future cystocele. 
Intraoperative complications are similar to 
those of SSLF including risks of bladder and rec- 
tal injury and hemorrhage requiring transfusion; 
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however, they are rare. Postoperative complica- 
tions include vaginal cuff abscess, fever, transient 
neuropathy, and buttock pain; however, these 
complications are uncommon. In a study compar- 
ing SSLF and iliococcygeus fixation, the most 
frequent postoperative complaint in both groups 
was buttock pain and sciatica and all cases 
resolved in 2—3 months [39]. In addition, there 
was no Statistically significant difference between 
patients who underwent SSLF or iliococcygeus 
fixation in regard to postoperative cystocele for- 
mation or dyspareunia. 


Transabdominal Open Versus 
Lap/Robotic 


Transabdominal procedures share risks of com- 
plications including vascular, bowel, and urinary 
tract injuries. Other complications include ileus, 
venous thrombosis, and urinary and wound infec- 
tions. Paraiso et al. reported on laparoscopic and 
open ASC and did not find significant differences 
in cystotomy, enterotomy, rate of blood transfu- 
sions, deep venous thrombosis, wound infection, 
or ventral hernia [40]. Patients presenting with 
either febrile illness, bowel distension, and 
abdominal pain, or any signs of peritonitis require 
work up for bowel and urinary injuries. A CT 
scan with oral and IV contrast with delayed ure- 
teral images should be obtained to adequately 
assess the patient. Overall, there is a low rate of 
less than 1% in gynecologic laparoscopic related 
surgeries [41]. 


Presence of the Uterus 


If the uterus is present, discussion with the 
patient regarding options of uterine-sparing pro- 
cedures must be undertaken. The presence of 
uterine or cervical pathology may also factor 
into consideration when discussing uterine pres- 
ervation. If the patient is premenopausal, future 
fertility will need to be discussed. Should future 
pregnancies be desired, a hysteropexy may be 
discussed. There is evidence that hysterectomy 
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performed for uterine prolapse carries a lower 
risk of apical recurrent prolapse [42]. Therefore, 
a detailed discussion regarding pros and cons of 
uterine preservation needs to be carried out with 
the patient. 


Uterine Suspension 


Preservation of the uterus via uterine suspension 
may be performed transvaginally and abdomi- 
nally. The most common complications resulting 
from vaginal sacrospinous hysteropexy have 
been reported to be buttock pain and recurrent 
prolapse [43]. Most cases of buttock pain resolve, 
it resolved spontaneously. Some patients may 
require surgical intervention to release sutures 
related to pain. Complications are similar to that 
of vault suspension procedures, including risk of 
ureteral injury and nerve-related entrapment and 
pain. Women undergoing vaginal hysterectomy 
versus sacrospinous hysteropexy have been 
compared showing similar objective and subjec- 
tive results for prolapse recurrence [44]. Few 
women did become pregnant with uterine pres- 
ervation. Proponents for preservation of the 
uterus and cervix believe that it may have a role 
in libido and orgasm [45]. Some patients who 
underwent colposacropexy and hysterosacrocol- 
popexy found no difference in female sexual 
dysfunction [46]. Another study also did not 
reveal any difference in sexual function between 
patients who underwent transvaginal hysterec- 
tomy (TVH) versus SSLF [47]. 

Laparoscopic hysteropexy has been described 
and has shown feasibility for correcting uterine 
prolapse [48]. With any minimally invasive tech- 
nique, there is a possibility of conversion to open 
surgery; however, this is rare. Robotic and lapa- 
roscopic hysteropexy carries the risks inherent to 
transabdominal surgery including risks of injury 
to bowels, bladder, ureter, and nearby blood ves- 
sels. As with other prolapse procedure, there is 
also risk of infection and recurrence of prolapse. 
In addition, dyspareunia and mesh-related com- 
plications are present. 


D. Chow et al. 


Hysterectomy: Transvaginal and 
Transabdominal Complications 


If patient is postmenopausal with a high grade 
apical prolapse, a hysterectomy may be per- 
formed prior to one of the above suspension pro- 
cedures. Advocates for hysterectomy propose 
that there is a decrease in failure rate with removal 
of the uterus. There have not been any high qual- 
ity randomized trials with or without hysterec- 
tomy versus in situ uterine prolapse repair and 
would likely be difficult to perform. Therefore, 
there are mostly retrospective or non-randomized 
studies evaluating the success of uterine prolapse 
and recurrence of vault or recurrent uterine pro- 
lapse. There is no standard guideline regarding 
uterine prolapse with treatment of hysterectomy 
or uterine preservation. Thus, a detailed discus- 
sion must be carried out with the patient. 


Transvaginal Hysterectomy 


In the short term, patients who underwent a vagi- 
nal hysterectomy for uterine prolapse versus an 
ASC with uterine preservation had improved 
postoperative pain, QOL, and better mobility at 6 
weeks postoperatively [49]. A retrospective study 
of 66 women with stage 2—4 uterine descent was 
randomized to vaginal hysterectomy or sacrospi- 
nous hysteropexy [42]. The risk of recurrent pro- 
lapse stage 2 or more of the apical compartment 
at 1-year follow-up was 17 % in favor of the vagi- 
nal hysterectomy. 

Complications related to TVH are similar to 
previously discussed transvaginal procedures. 
Intraoperative risks of TVH include injury to the 
bladder, bowels and rectum, ureters, and hemor- 
rhage. TVH should be performed with a vault 
suspension procedure and the risks were 
described earlier in this chapter. Postoperative 
complications include dyspareunia, vaginal 
shortening, and complications related to previ- 
ously described vault suspension procedures. 
Unrecognized injuries may lead to fistula 
formation. 
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Transabdominal Hysterectomy: 
Open, Laparoscopic 


A hysterectomy may be performed with a con- 
comitant vault suspension procedure. As the ure- 
ters are in close proximity to the cervix, uterine 
vessels, and infundibulo-pelvic-ligament, care 
must be taken to identify and preserve the ureters. 
Dissection between the cervix and the bladder 
poses a risk for cystotomy. Intraoperative injuries 
should be identified and repaired. Unrecognized 
injuries or ischemic injuries which present later 
in the postoperative period will give rise to vesi- 
coureteral or vesicovaginal fistulas. Care must be 
taken to ensure adequate hemostasis, as a cuff 
hematoma may arise and infection may occur. 
A prospective cohort study in Finland investi- 
gated complications of hysterectomy for benign 
diseases and found that major complication rates 
were highest in laparoscopic hysterectomy 
(4.3 %), followed by abdominal hysterectomy 
(4.0 %), and vaginal hysterectomy (2.6 %), but 
logistic regression did not show major differ- 
ences between approaches for any organ injury or 
major complication [50]. A wide range of com- 
plications were investigated. There was not a sta- 
tistically significant difference in bladder, ureter, 
and bowel injuries between the three surgical 
approaches. Most were recognized and repaired 
intraoperatively. Pelvic infection was found to be 
higher in laparoscopic and vaginal hysterectomy 
than open abdominal hysterectomy by fivefold. 
Wound infection was higher in the open abdomi- 
nal hysterectomy group by 1.6-fold. 


Abdominal Sacral Colpopexy 


A MEDLINE search by Beer et al. found that 
ASC and SSLF were the most commonly used 
vault procedures [51]. A review of the literature 
indicated that the ASC was associated with a 
lower rate of recurrent vault prolapse, less dyspa- 
reunia, longer operating time, longer recover 
period, and higher expense compared to vaginal 
sacrospinous colpopexy [52]. A recent Cochrane 
review evaluated the literature examining abdom- 
inal sacrohysteropexy for uterine preservation 
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versus vaginal hysterectomy and repair. The trial 
with an 8-year follow-up revealed 87 % in the 
vaginal group versus 68 % in the abdominal 
group which reported that they had symptomatic 
prolapse improvement, providing some evidence 
that the hysterectomy group did better postopera- 
tively. Unless there is a strong indication and 
desire to preserve the uterus, a hysterectomy may 
be performed concomitantly at the time of ASC. 


Complications of Abdominal Sacral 
Colpopexy 

In a Medline review of 1,571 procedures, com- 
mon complications of ASC include bleeding 
(2 %), infections from cystitis (6 %), fever, sec- 
ondary healing, dehiscence or abscess (6 %), and 
mesh-related problems. Organ perforation of the 
bladder, rectum, or intestines occurred in 1.6 % of 
cases. Urologic complications ranging from ure- 
teral kinking, voiding disorders, urinary inconti- 
nence, and urgency were rare, occurring in only 
1.9 % of cases. Mesh complications occurred in 
2 % of cases. Total risk of reoperation for ileus, 
incisional hernia, or vesicovaginal fistula was at a 
rate of 2.9 %. One study reported graft erosion in 
15 of its 273 patients [53]. 

A literature review of 2,178 patients who 
underwent ASC [54] revealed intraoperative com- 
plications, including hemorrhage in 4.4 %, cys- 
totomy in 3.1 %, enterotomy in 1.6 %, and ureteral 
injury in 1.0 % of cases. Postoperative complica- 
tions included UTIs in 10.9 %, wound infections 
in 4.6 %, ileus in 36 %, deep venous thrombosis 
or pulmonary embolus in 3.3 %, and small bowel 
obstruction requiring surgery in 1.1 % of cases. 
Some recommend reperitonalization of the mesh 
to prevent bowel obstruction. Mesh erosion was 
noted at 3.4 % of cases. Reoperation for prolapse 
and stress incontinence in series that reported 
these outcomes had rates of 44 % (range 
0-18.2 %) and 4.9 % (range 1.2—30.9 %), respec- 
tively [54]. Potential complications include pro- 
lapse of other vaginal compartments, bleeding, 
sciatic nerve injury, and rectal laceration. Injuries 
to the presacral and perirectal vessels have been 
reported with life-threatening hemorrhage. 

Paraiso et al. compared laparoscopic and 
open abdominal sacral colpopexies and there 
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did not appear to be a significant difference in 
the encountered complications [40]. Noted 
complications included cystotomy or sutures 
noted within the bladder at the time of cystos- 
copy. Sutures which were detected at the time 
of surgery were removed and cystotomies were 
closed primarily. Intraoperative enterotomy 
was primarily closed. Postoperative enterot- 
omy required washout and bowel diversion. 


Risk of Mesh Erosion with Concomitant 
Hysterectomy 

Ifa hysterectomy is performed at the time of ASC, 
a supracervical hysterectomy is recommended in 
order to avoid increased risk of mesh erosion 
through the vaginal apex. Patients who had a con- 
comitant vaginal hysterectomy with ASC were 
found to have a mesh erosion rate of 23 % [55]. 
However, those who underwent supracervical 
hysterectomy were found to have the same 
expected rate of mesh erosion as that of patients 
who had undergone a prior hysterectomy. 

With reports of higher rates of erosion at the 
vaginal cuff after concomitant hysterectomy, 
some recommend preservation of the cervical 
stump to prevent mesh erosion. However, a 
retrospective review comparing patients who 
underwent ASC and supracervical hysterectomy 
versus patients who had undergone prior hyster- 
ectomy, revealed that both were associated with 
a low incidence of mesh erosion ranging from 
0.5 to 2.4 % at 7—8 months, which was not statis- 
tically significant [56]. Cundiff et al. [57] 
reported that risks factors contributing to mesh 
erosion into the vagina after abdominal sacral 
colpopexy include smoking (OR 5.2), use of 
gore-tex mesh (OR 4.2), and concurrent hyster- 
ectomy (OR 4.9). 


Posterior Vaginal Repair 
Complications 


Posterior vaginal wall prolapse repair, also called 
rectocele repair, is a common procedure per- 
formed concomitantly with other POP proce- 
dures. Rectocele repairs alone or combined with 
other compartmental procedures account for 
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nearly 50 % of the surgical repairs for POP [1]. 
Surgical repair is indicated for symptomatic rec- 
toceles with a less defined role of surgical repair 
for the management of asymptomatic rectoceles. 
It is known that the physical exam findings do not 
correlate with symptoms; therefore, careful ques- 
tioning is important during patient evaluation. 
The symptoms associated with posterior vaginal 
wall prolapse can be categorized into three cate- 
gories of bother involving vaginal prolapse, 
bowel issues, and sexual dysfunction. Patients’ 
symptoms may include vaginal pressure, bulge, 
discomfort, and pulling. Defecatory dysfunction 
can range from constipation, incomplete empty- 
ing of rectum, manual splinting, and/or fecal 
incontinence. Sexual function may be compro- 
mised with lack of vaginal sensation or 
dyspareunia. 


Posterior Vaginal Repair: 

Complications to the Transanal 

Approach 

The goal of surgical repair is to restore the ana- 
tomical defect and to improve sexual, bowel, and 
prolapse symptoms while limiting the associated 
complications. Historically, posterior vaginal 
wall prolapse was repaired by the transanal 
approach, although this has largely been replaced 
by the transvaginal approach. Two randomized 
trials report that the transanal approach results in 
a higher recurrence rate of posterior prolapse 
compared to vaginal repair [58, 59]. Transanal 
repair is associated with significant complica- 
tions of fecal incontinence with rates reported as 
high as 38 % [60] and the symptomatic outcome 
is better with the transvaginal approach. The 
transvaginal approach involves two main tech- 
niques, which are the midline fascial plication 
and the site-specific repair. 


Intraoperative Complications 

All transvaginal posterior approaches are associ- 
ated with minimal operative complications such as 
bleeding requiring transfusion (2 %), infection (7 %), 
and isolated reports of rectovaginal fistula and rec- 
tal injury [61]. Identification of rectal injury by an 
intraoperative rectal exam is recommended by 
some pelvic surgeons. Narrowing of the vagina can 
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occur with posterior repairs and should be pre- 
vented so that the introitus width should accom- 
modate 2-3 fingerbreadths. 

Postoperative complications resulting from 
posterior vaginal repair center on dyspareunia, 
recurrence, and defecatory dysfunction. A ran- 
domized trial compared anatomic success of the 
midline plication, site-specific, and porcine graft 
repairs at 1 year (86 %, 78 %, 54 %). They 
showed that the midline plication had the stati- 
cally lowest recurrence rates [62]. There was no 
significant difference in complications or func- 
tional failures for each technique. 


Dyspareunia 

Dyspareunia rates were high at 36 % postopera- 
tively, but this may be explained by the preop- 
erative dyspareunia rate of 51 %, which was 
based on validated questionnaires. Although 
the dyspareunia rates were higher than other 
reports, the majority of patients reported they 
were better, and 93 % would choose the same 
treatment. De novo rates of dyspareunia range 
from 0 to 19 % [63, 64]. Dyspareunia rates in 
other studies have a wide range of 5-46 % 
depending on how they were reported [65, 66]. 
Dyspareunia is thought to be preventable and 
results from narrowing of the vagina by plica- 
tion of the levator ani. 


Recurrence 

Recurrence rates are lower for the midline plication 
compared to the site-specific and porcine graft- 
augmented repair based on a randomized control 
trial. The midline plication technique has similar 
success compared to mesh-augmented repair based 
on two randomized trials [20, 67]. In studies where 
mesh-augmented repairs were performed for recto- 
cele repair, there was a high rate of complications 
including dyspareunia and pain. Based on the evi- 
dence, the United States Food and Drug 
Administration (FDA) made the recommendation 
that vaginal mesh was not indicated in the posterior 
compartment, as there was no evidence for 
improved outcomes and because of the unique 
complications that are related to mesh [68]. Specific 
complications related to mesh are addressed later 
in the chapter. 
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Table 21.2 Midline fascial plication improvement of 
defecation 


Midline fascial plication Improvement of defecation 


Singh et al. [64] 65 % 
Milani et al. [63] 63 % 
Maher et al. [65] 87 % 
Paraiso et al. [62] 68 % 
Abramov et al. [89] 66 % 


Table 21.3 Site-specific repair and improvement of 
defecation 


Site-specific repair Improvement of defecation 


Cundiff et al. [90] 63 % 
Porter et al. [66] 44 % 
Kenton et al. [91] 54 % 
Glavind et al. [92] 85 % 
Abramov et al. [89] 63 % 


Defecatory Dysfunction 

Defecatory dysfunction includes constipation, 
incomplete emptying, fecal and/or flatal inconti- 
nence, and the need to perform perineal or vaginal 
splinting. Most series support improvement of 
constipation, incomplete emptying, and the need 
to splint. Regardless of the surgical approach 
(midline fascial plication, site-specific, or mesh 
repair), the majority of studies report improve- 
ment in defecation (Tables 21.2 and 21.3). Fecal 
incontinence is not changed unless the anal 
sphincter is addressed. 


Complications of Obliterative 
Procedures 


Partial and complete colpocleisis are obliterative 
procedures that are minimally invasive and asso- 
ciated with low morbidity and low complication 
rate. This procedure addresses prolapse in all 
vaginal compartments, although avoids many of 
the complications with apical repair and has sim- 
ilar complications as anterior and posterior vagi- 
nal repair. Obliterative procedures are generally 
offered to elderly women that are no longer sexu- 
ally active and do not wish to preserve coital 
function. Many elderly women are not sexually 
active, with a prevalence of 17 % within the age 
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range of 75-85 years [69]. Some also propose this 
option for elderly patients who have comorbid 
conditions, who may not tolerate a more exten- 
sive procedure. As the population of the elderly 
is projected to grow, this procedure may be more 
utilized. 

A complete colpocleisis is removal of the vag- 
inal epithelium from the bladder neck to the vagi- 
nal cuff anteriorly and posteriorly. A partial or 
LeFort colpocleisis is similar except the vaginal 
epithelium on both sides is left intact to create 
bilateral tunnels that can drain vaginal secretions. 
These procedures can be performed with or with- 
out a concomitant hysterectomy. There are stud- 
ies that suggest that a concomitant hysterectomy 
does not improve success and increases bleeding 
and operative time [70, 71]. 

The success rate for colpocleisis is 90 % or 
more in case series and prospective cohorts with 
overall low morbidity [72]. In a prospective 
cohort study at 1 year, 94 % of women reported 
that they were satisfied or very satisfied with the 
surgery. Although this is a minimally invasive 
surgery, there are associated complications. Body 
image may be compromised, with up to 13 % of 
patients having regret about loss of sexual func- 
tion of the vagina [73]. Even amongst those who 
did express regret about the loss of sexual func- 
tion, half of them still would have the procedure 
again [73]. 


Intraoperative Complications 

Only about 5 % of cases involved major periopera- 
tive complications, such as blood transfusions as 
well as cardiac, cerebrovascular, thromboembolic, 
and pulmonary events [74]. The morality rate, 1 in 
400, is acceptable, as many patients have preexist- 
ing comorbidities [74]. Just as in anterior and pos- 
terior vaginal compartment repairs, there are risks 
for bladder and bowel injuries with colpocleisis. 
Urinary or fecal fistulas secondary to colpocleisis 
are rare. Ureteric obstruction has also been 
reported [75]. 


Postoperative Complications 

About 15 % of cases involve minor complica- 
tions, such as fever, UTI, vaginal hematoma, 
and bleeding. UTI is the most common periop- 


D. Chow et al. 


erative complication in one series [73]. 
Anatomical recurrence rates are low at 7 % with 
94 % of women satisfied or very satisfied with 
their surgery at 1 year [73]. As with any vaginal 
surgery there are rare, but reported, complica- 
tions that can occur and vary from bladder injury 
to rectal bleeding [70]. Bowel and bladder symp- 
toms overall improve with colpocleisis, and 
development of de novo symptoms is uncommon 
[76]. Patients that have preoperative urinary 
retention achieve resolution in 90 % of cases 
[77]. Preoperative urge incontinence improves 
from 41 to 15 % postoperatively, and postopera- 
tive de novo SUI rates occur at approximately 
15 % [73]. 

Colpocleisis is a reasonable alternative to 
elderly women with prolapse who either may have 
multiple comorbidities or do not wish to preserve 
coital function. The procedure is deemed safe and 
efficacious [78] and has high patient satisfaction 
with a minimal associated complication. A detailed 
discussion with the patient is imperative prior to 


surgery. 


Mesh Kits on the Market: 
Mesh-Related Complications 


Pelvic surgeons began implementing the use of 
mesh into the abdominal repair of POP surgery 
in the 1970s, as it had demonstrated good ana- 
tomic success for abdominal hernias since the 
1950s. As this had successful outcomes for 
abdominal POP surgery, this was then adapted 
for surgery for SUI and transvaginal POP in 
the 1990s. Early on, mesh was fashioned for 
site-specific vaginal repairs. The FDA then 
approved mesh for the use of transvaginal SUI 
surgery in 1996 and for POP in 2002. Following 
that, there was an explosive growth of trans- 
vaginal mesh “kits” that were designed with 
the intention of providing the surgeon with a 
minimally invasive, safe, easily reproducible, 
and effective method to correct POP. Mesh kits 
received FDA approval through the 510(k) 
process, as mesh had demonstrated efficacy 
in the general surgery realm in abdominal 
hernia repairs. Therefore, companies were not 
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required to perform clinical trials, as they had 
already undergone the FDA approval process. 

The proliferation of mesh kits into the market 
was expansive, as more than a hundred mesh kits 
were introduced by various companies. Clinical 
studies that were performed on mesh kits were 
mostly retrospective with short follow-up. Over 
time, the Manufacturer and User Facility Device 
Manager (MAUDE) database demonstrated an 
increasing number of patients presenting with 
mesh-related complications. Though the mesh 
kits provide an “easy” way to perform the proce- 
dure, many providers were not prepared to treat 
the postoperative complications associated with 
blind trocar placement and mesh-associated 
issues with erosion and extrusion. 

Mesh kits used for anterior, apical, and poste- 
rior repair have different routes of trocar passage 
and fixation points. Earlier generation anterior 
repair kits involved transobturator passage of mesh 
arms. These included the American Medical 
Systems (AMS) Perigee, Gynecare Prolift, and 
Bard Avaulta, to name a few. The posterior repair 
kits, including the AMS Apogee, Gynecare 
Prolift posterior, and Bard Avaulta utilized trocar 
passage through the ischiorectal fossa. The differ- 
ence between the devices was the apical support 
fixation points. The AMS Apogee kit is anchored 
at the iliococcygeus muscle, the Prolift is 
anchored at the SSL, and the Bard Avaulta 
requires a separate vault procedure. The Elevate 
system is a trocar-less procedure that utilizes 
self-fixating tips. This was an attempt to lessen 
complication rates by using a trocar-less proce- 
dure. Further, the Prosima kit offered a sutureless 
placement of mesh with placement of a vaginal 
support device, much like that of a pessary which 
remained intact in the patient’s vagina for a 
period of 3 weeks postoperatively. Despite the 
evolution of mesh kits, mesh complications have 
continued. 

Due to the increase in reported complications 
encountered with mesh, the FDA updated their 
public health notifications (PHN) in July 2011. 
The FDA reported that surgical placement of 
mesh for POP may expose patients to greater 
risks than other surgical options, and that the 
greater risk did not show greater clinical benefit 
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such as improved quality of life. Serious risks 
were not rare as previously reported. They rec- 
ommend a proactive approach by patients in dis- 
cussing the use of mesh with their surgeons. In 
addition, they are exploring regulatory solutions to 
evaluate the safety and efficacy in mesh use. 
Soon after the PHN was released, some kits 
including the Prolift and Avaulta were removed 
from the market. If performing amesh-augmented 
repair, informed consent detailing the potential 
risks and outcomes needs to be discussed with 
the patient. 


Exposure 


Mesh exposure is one of the most common mesh 
complications. According to the MAUDE data- 
base, mesh exposure and erosion account for 
35 % of the complications of vaginal mesh [79]. 
Smoking, total vaginal mesh, surgeon experi- 
ence, young age, and sexual activity, parity, 
somatic inflammatory disease have been cited as 
risk factors for mesh exposure [81, 82]. 

Patients presenting complaints vary widely in 
this population. Patients may present with the 
complaint of vaginal bleeding, recurrent UTIs, 
vaginal pain, dyspareunia, and urinary symp- 
toms. Sexual partners have also stated that they 
may feel a “scratching” sensation or pain 
described as “hispareunia.” Early presentation 
may include vaginal induration or intraepithelial 
infiltration as the mesh is extruding out of the 
vaginal wall. This requires further evaluation 
with a vaginal examination and cystoscopy to 
ensure there is no urethral or bladder perforation. 
Various factors contribute to vaginal mesh expo- 
sure. Bleeding and separation of the suture line 
may cause vaginal mesh exposure. In addition, 
wound infection at the time of surgery or later 
may occur with resulting mesh exposure with 
chronic drainage. Placement of the mesh too 
superficially on the vaginal epithelium is another 
causative factor. A woman’s vagina may become 
more atrophic with time, and the thinning, fragile 
vaginal epithelium may put the existing mesh at 
risk for exposure. Exposures have been reported 
as late as 10 years postoperatively. 
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Mesh exposure may be managed conservatively 
if asymptomatic with observation and estrogen 
cream. If the exposure is small, some physicians 
perform in-office excisions of the mesh. Often, 
these excisional attempts will fail, as more mesh 
will erode through the vaginal epithelium. 
Surgical excision in the operating room with 
multiple removal attempts may be required. Total 
mesh removal may be recommended in cases of 
multiple areas of exposure, pain, vaginal scar- 
ring, and stenosis. When the area of mesh is large 
and infiltrating a significant proportion of the 
vaginal wall, coverage of the vaginal wall with a 
rotational flap may be required. 


Mesh Pain 


Pain due to mesh is a complex disorder and depen- 
dent upon what type of procedure was performed. 
Due to the trocar devices designed to traverse the 
obturator foramen, muscles, tendons, and nerves 
may be injured during the passage. As a result, 
patients’ presentation may be wide ranging vary- 
ing from vaginal pain, dyspareunia, suprapubic 
pain, chronic pelvic or bladder pain, leg and groin 
pain, hip pain, and inability to walk. These symp- 
toms may present immediately after surgery or 
may present as a delayed complication. 
Evaluation of chronic mesh pain requires a 
detailed history and physical examination. 
History including the type of mesh and operative 
reports are necessary. It is helpful to query regard- 
ing pain complications by following the standard 
questions involving QRST: quality, radiation, 
site, and timing. In addition, localizing the pain 
and eliciting any aggravating or alleviating fac- 
tors is imperative. For instance, when the patient 
is supine and still, is the pain present or aggra- 
vated? Is the pain aggravated with sitting or with 
movement? These are important questions to dis- 
tinguish the etiology of the pain. A neurologic 
examination including motor and sensory 
responses is of utmost importance. This will help 
localize the nerve distribution of the pain and 
narrow the etiology of the pain. On physical 
examination, the examiner many times may feel 
the mesh as an indurated, cord-like structure. 
The mesh may also be exposed and palpation of 
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this region may exacerbate the pain symptoms. 
Vaginal tissue quality, vaginal depth, and caliber 
are important to note. There are some patients 
where the pain has become centralized and does 
not follow any anatomic distribution of pain. 
Often times, these patients have failed pelvic 
floor physical therapy, vaginal injections, and are 
on narcotics. 


Pain Due to Nerve Damage 

Nerve damage can occur during mesh placement. 
This can occur when trocars are used for passage 
of the mesh. Injury may occur when trocars are 
used to traverse the obturator foramen or at the 
level of the SSL and iliococcygeus muscle. 
During transobturator trocar passage, there is risk 
of injury to the ilioinguinal nerve (L1), which 
provides sensation to the anterior labia majora 
and mons pubis. In addition, the anterior, lateral, 
and posterior femoral cutaneous nerves (L2—S3) 
are at risk of injury and provide sensation to the 
thigh and lateral perineum [83]. Around the SSL, 
the pudendal nerve, which passes posterior to the 
ischial spine, the sciatic nerve, or lumbosacral 
plexus may be injured. Presenting complaints 
may include buttock pain, posterior leg pain, or 
loss of sensory or motor function in those regions. 
Pudendal and sciatic nerve pain may also result 
from mesh placement into the ischiorectal fossa 
during posterior repair (Fig. 21.1). 


Fig. 21.1 Pudendal and sciatic nerve pain may result 
from mesh placement into the ischiorectal fossa during 
posterior repair 
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Pain Due to Bone 

Patients may present with pain that is constant 
and/or exacerbated with palpation. Depending 
on mesh placement, bony structures at risk for 
injury include the inferior pubic ramus during 
transobturator trocar passage or sacral promon- 
tory due to ASC. The periosteum may be dam- 
aged, irritated, or infected during these procedures 
and may cause an inflammatory reaction and 
pain. As a result, osteitis or osteomyelitis may 
develop. 


Pain Due to Muscle 

Muscular pain due to mesh placement during 
prolapse surgery results from trocar passage or 
suspension sutures through muscular structures. 
Muscular pain can be direct due to restriction of 
movement by the mesh, fascial irritation, or sec- 
ondary to the sensitized nociceptors of the vagina 
producing secondary activation giving rise to 
muscle spasm and pain. Muscles may be at risk 
for injury depending on the procedure performed. 
When performing anterior repairs involving tran- 
sobturator passage, the hip adductors are at risk 
for injury. The fascia may also become inflamed 
contributing to pain symptoms. In addition, direct 
muscular penetration of the adductor longus, 
adductor brevis, adductor magnus, gracilis, and 
obturator externus, which all originate along the 
inferior pubic ramus and ischial rami, may pro- 
duce pain. These muscles are involved in hip 
flexion, thigh adduction, and medial and lateral 
leg rotation. The pain may be exacerbated with 
movement of these muscles and alleviated with 
rest. The levator ani muscles may also be pene- 
trated and may cause pelvic pain, dyspareunia, or 
pain with prolonged standing or activity [83]. 
During apical repairs, muscles that are at risk for 
injury depend upon the procedure performed. 
The piriformis muscle, which has its origin along 
the anterior sacrum, may be affected thereby 
inhibiting lateral thigh rotation. During vaginal 
vault suspension, the obturator internus, near the 
ischial spine, is at risk for injury. The obturator 
internus provides lateral thigh rotation during 
flexion. Mesh placement into the posterior com- 
partment may injure the levator muscles, and 
pain may be exacerbated with sitting. 
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Pain Due to Viscera 

Patients may experience diffuse pain within the 
abdominopelvic region. Important considerations 
include the presence of urinary or bowel issues, 
including hematuria, dysuria, obstruction, recur- 
rent infections, constipation, and diarrhea. Mesh 
may be present in the bladder or urethra and cause 
symptoms of suprapubic pain, bladder spasms, 
dysuria, hematuria, OAB, and/or recurrent UTIs. 
During apical repairs, mesh may penetrate intra- 
abdominal and pelvic organs including the uterus, 
cervix, bladder, or bowel. Patients may present 
with complaints of vaginal/uterine bleeding and 
urinary or bowel obstruction. Posterior place- 
ment of mesh perforating the bowel may cause 
rectal pain, urgency, and possible bleeding and 
obstructive symptoms. We believe that the funda- 
mental concept of treatment for mesh-related 
complications is mesh removal. The patient’s 
presentation will guide the type of treatment and 
mesh removal. 


Mesh Removal 


Mesh Removal for Organ Erosion 

For patients found to have penetration of mesh 
into the bladder, a transvesical or vaginal 
approach may be performed depending on the 
comfort level of the surgeon. The mesh must be 
removed from the hollow organ; otherwise, there 
will be future risks of stone formation and recur- 
rent UTIs. Mesh perforation into the urethra will 
require additional coverage using a Martius flap 
to prevent future urethrovesical fistula formation. 
If suspicion for bowel or rectal perforation exists, 
patients should be evaluated by a gastroenterolo- 
gist, and a colonoscopy should be performed. 
Mesh present in the rectum may be approached 
transvaginally depending on surgeon preference. 
An adequate amount of perirectal fascia is used 
for layered coverage, and an interpositional flap 
may be placed. 


Mesh Removal for Pain 

For armed polypropylene mesh placement causing 
vaginal pain, dyspareunia, or pain with ambulat- 
ing requiring mesh excision, palpable, painful 
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cords of contracted mesh can be removed to 
alleviate pain. For patients who have had mesh 
placed in a transobturator fashion who present 
with leg and groin pain, the mesh arms may be 
removed; however, there is no guarantee in pain 
relief. Mesh removal requires expertise, as it can 
be difficult to identify and completely remove 
mesh components. 


Mesh Removal by Compartment 

Mesh placed in a transobturator fashion may 
cause leg and groin pain. An attempt at removal 
may be performed, but as previously stated, may 
not be curative of pain. Generally, these arms are 
left in situ during mesh excision procedures 
unless causing intractable pain, as the risks may 
outweigh the benefits of removal. 

Removal of mesh from ASC procedures of 
vaginal vault suspension requires expertise in 
pelvic anatomy. Indications for mesh removal for 
ASC procedures include vaginal bleeding, drain- 
ing sinus tract, exposed mesh, and chronic 
abdominal pain. Mesh from the sacral promon- 
tory should be removed through a transabdomi- 
nal approach. Many times the scarring that has 
resulted from the mesh placement may be enough 
to suspend the vault. However, if an additional 
vault procedure is needed at the time of mesh 
removal, a piece of autologous rectus fascia may 
be harvested to place from the vaginal apex to the 
sacral promontory. For vault suspension proce- 
dures, buttock and gluteal pain may be alleviated 
by releasing and removing the mesh from the 
point of attachment to the SSL or iliococcygeus 
fascia. 

Placement of mesh for rectocele repairs 
involves either apical attachment or trocar place- 
ment through the ischiorectal fossa. Patients may 
complain of gluteal and buttock pain since this 
passage traverses the gluteal muscles and may be 
reproducible by palpation. The area of pain 
should be marked prior to the patient undergoing 
anesthesia to clearly define the region of pain. 
The levators are also at risk for injury during 
ischiorectal fossa trocar passage. Removal of 
posterior vaginal wall mesh is a delicate proce- 
dure that should avoid perforation into the rectum. 
If rectal perforation does occur, it may be repaired 
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in two layers with overlying perirectal tissue. 
If there is not adequate perirectal fascia, an inter- 
positional flap may be required to prevent forma- 
tion of a rectovaginal fistula. 


Mesh Contraction, Vaginal Stenosis, 
Mesh Folding 


Vaginal pain and dyspareunia may be caused by 
several factors secondary to mesh. Mesh may 
contract up to 30 % based on ultrasound evidence 
and cause vaginal shrinkage, although there is 
divergent evidence for this issue [84, 85]. Vaginal 
mesh exposure may cause vaginal discomfort 
and/or pain, and may cause the sexual partner to 
feel discomfort, termed by some as “hispareu- 
nia.” Folding is a complication by which the 
mesh is inserted flat but postoperatively becomes 
folded, creating areas of induration and “bumps” 
of irregularly elevated vaginal wall. A case series 
of women who underwent surgical intervention 
for symptomatic vaginal mesh contraction was 
evaluated where post-surgery a significant num- 
ber of patients had improvement in vaginal pain 
and dyspareunia [86]. Their symptoms consisted 
of vaginal pain aggravated by movement, dyspa- 
reunia, and focal tenderness of the mesh. Many 
patients were also found to have mesh erosion, 
vaginal tightness, and vaginal shortening. Patients 
who suffer from vaginal stenosis and shrinkage 
may require a vaginoplasty to enlarge the vaginal 
caliber. Our preferred method is usage of a 
pudendal-based gluteal flap. We have found 
success in the gluteal flap to alleviate vaginal ste- 
nosis and dyspareunia associated with it. 


Definition of Complications 


The International Urogynecological Association 
(IUGA) and International Continence Society 
(ICS) jointly published a terminology and classi- 
fication system for complications related to the 
insertion of mesh and grafts in pelvic floor sur- 
gery [87]. The classification is based on the cat- 
egory (C), time (T), and site (S). The CTS 
classification addresses all insertion and healing 
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issues. The seven categories range from no 
epithelial separation but mesh prominence or 
contraction (category 1) to patient compromise 
including hematoma or systemic compromise 
(category 7). The categories are further classified 
by letter based on the presence of pain and/or 
infection. Time references the time when the 
complication was clinically diagnosed relative to 
the date of the procedure. The site defines the 
location of the mesh complication. The classifi- 
cation system was devised to more accurately 
report and standardize the reporting of mesh- 
related complications. However one study has 
shown the classification system to be highly 
complex, lacking clarity, and presenting poor 
inter-rater reliability [88]. 


Summary 


A thorough conversation with the patient and 
physician should take place before embarking on 
POP surgery. Specifically, if mesh use is planned 
to augment a repair, the surgeon should provide 
full disclosure regarding the potential adverse 
effects related to mesh. Evaluation of a patient 
after a mesh complication requires a complete 
evaluation. Experienced, trained pelvic surgeons 
may be able to recognize and treat these condi- 
tions with fewer complications. With the patient’s 
best outcome as the primary goal, all steps should 
be taken to prevent any complications. 
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of Pelvic Dysfunction 
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Urinary incontinence continues to have a significant 
impact on the quality of life of women and is the 
chief complaint in more than 1.1 million office 
visits per year [1]. Pelvic dysfunction leading 
to incontinence occurs when there is a disruption 
in either the storage or voiding of urine and the 
etiology of incontinence can vary from overactive 
bladder, intrinsic sphincter deficiency, urethral 
hypermobility, and pelvic organ prolapse to vesical 
fistulas. The symptoms are often nonspecific and 
complete evaluation is necessary to completely 
characterize the incontinence. 


Diagnostic Work-up 


The standard evaluation of patients with inconti- 
nence includes a thorough and detailed history 
and can be done with the help of various vali- 
dated questionnaires. Regardless of which ques- 
tionnaire is utilized, it is important to characterize 
the incontinence by frequency of incontinence 
episodes, urgency, precipitating or exacerbating 
factors, severity, degree of bother, and, eventu- 
ally, patient expectations of treatment [2]. 
Specific to pelvic organ prolapse, awareness of a 
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bulge or discomfort should be assessed. Past 
medical and surgical history including gyneco- 
logic and obstetric history and medication list are 
also vital in the history of present illness. By defin- 
ing these parameters, the etiology can be ascer- 
tained leading to proper treatment planning. 

Physical examination includes a focused pelvic 
examination. Depending on the history of present 
illness, it may also include a stress test, where the 
bladder is filled with 250-300 ml of fluid prior to 
increase in abdominal pressures with either 
Valsalva or cough. While not pathognomonic for 
stress urinary incontinence (SUD, urethral hyper- 
mobility can also be assessed with a standard Q-tip 
test. Prolapse should be assessed with patient in 
both lithotomy and standing positions. 

Most patients should undergo urinalysis with 
culture as well as uroflow and post-void residual 
measurement. Additional diagnostic studies 
include voiding diary, urodynamics (with or 
without fluoroscopy), cystoscopy, and radio- 
graphic imaging (especially in the setting of vesi- 
cal fistula). While not standard, these tests can 
help elucidate the nature of incontinence when 
complex. 


Indications 


The main indication for the treatment of symp- 
tomatic incontinence is significant adverse effect 
on the quality of life of the patient (i.e., inconti- 
nence leading to social or hygiene issues). 
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Conservative therapies for incontinence depend 
on the etiology of the incontinence and may 
include physical therapy, and pessary use. 
Surgical intervention includes injection of bulk- 
ing agents, fulguration of fistulas, neuromodula- 
tion, and various transvaginal procedures which 
are covered in other chapters. 

While the first transvaginal procedure for SUI 
was described in 1913 [3], it was 35 years more 
until a transabdominal retropubic approach was 
described [4]. This procedure was later modified 
by Burch by placing sutures more laterally into 
Cooper’s ligament [5] and was the gold standard 
transabdominal approach for the treatment of 
SUI. More recently, tension-free transvaginal 
slings (TVT) have become the gold standard sec- 
ondary to their ease in placement as well as com- 
parable results to colpopexy [6]. 

Abdominal sacrocolpopexy is often consid- 
ered in the setting of isolated apical prolapse or 
enterocele. While open abdominal sacrocolpo- 
pexy is slowly going by the wayside to the lapa- 
roscopic and robotic approach [7], the principles 
have not changed. 

Unlike SUI or pelvic organ prolapse, inconti- 
nence as a result of urinary fistula is often continu- 
ous and sudden in onset. In addition, the etiology 
is often iatrogenic and, as a result, often causes con- 
siderable distress. Therefore, surgery is often the 
primary treatment in these patients. Patient comor- 
bidities, size, number, and location of fistula are 
important factors in the surgical approach. 
However, surgeon experience and preference 
often have the largest influence. 

Advantages to an abdominal approach are: 

e Familiarity of retropubic anatomy to most 
urologists. 

e Excellent exposure. 

e Reduction in dyspareunia risk. 

e Opportunity to repair any coexisting abdomi- 
nal disease through one incision. 

e Increased efficiency in the setting of limited 
vaginal access. 

e Less recurrence of prolapse. 

e Maintenance of functional vaginal length in 
sexually active women. 

e Avoidance of vaginal mesh complications and 
their medicolegal implications. 
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Disadvantages traditionally included a larger 
incision resulting in prolonged hospital stay, 
recovery, and increased pain. However, with the 
advent of minimal invasive technology, this dis- 
advantage has been largely eliminated. There is 
also the added benefit of increased magnification. 
Disadvantages to laparoscopic approach include 
greater technical difficulty with a steeper learning 
curve and higher operating costs. 


Laparoscopic Colposuspension 


Laparoscopic colposuspension can be performed 
via an extraperitoneal or transperitoneal approach 
[8]. For all transabdominal procedures, patients 
perform bowel prep the day before surgery, 
and receive antibiotics 30 min prior to surgery. 
Five thousand units of subcutaneous heparin are 
also administered at the time of surgery. In trans- 
peritoneal approach patient is placed in low 
lithotomy position in slight Trendelenburg and 
the vagina and abdomen are prepped and draped 
in the usual sterile fashion. A 16 Fr Foley cathe- 
ter is initially placed which decompresses the 
bladder and helps prevent trauma during initial 
port placement. The peritoneum is entered 
through a small infraumbilical incision using 
either the standard Veress needle or Hasson tro- 
car. Once pneumoperitoneum is established up to 
15 mmHg, a trocar is inserted infraumbilically. 
Two more working trocars are placed at the left 
lateral border of rectus muscle under direct 
vision. Care is taken to avoid any superficial infe- 
rior epigastric vessels by transilluminating the 
abdominal wall. The left-sided placement would 
allow the surgeons to not only operate with the 
laparoscopic instrument using their dominant 
hand but also be able to place the nondominant 
index finger in the vagina during the procedure, 
if necessary. 

The space of Retzius is dissected by identifying 
the umbilical ligaments laterally and then incis- 
ing the anterior parietal peritoneum over the 
bladder directly under the pubic symphysis. Once 
the pubic bone is identified, it can be followed 
into the space of Retzius. The bladder neck can be 
identified by the Foley balloon and the endopelvic 
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fascia at the bladder neck and Cooper’s ligament 
along the superior surface of the pelvic bone are 
then identified. With the surgeon’s finger elevat- 
ing the vagina toward the ligament, the endopel- 
vic fascia is sutured to the ligament on both sides. 
This elevation of the bladder neck behind the 
pubic symphysis addresses the urethral hypermo- 
bility causing stress incontinence. However, it 
should be noted that the vaginal tissue should not 
be completely tacked up to the ligaments as this 
may result in overcorrection as well as kinking of 
the ureter. Instead, approximately 2 cm of space 
between the suture and Cooper’s ligament is 
usually left. Once the fascia is sutured, intrave- 
nous indigo carmine is routinely given and cys- 
toscopy is carried out to assure no bladder or 
urethral perforation as well as the patency of 
bilateral ureters. 

Other complications that may occur include 
hemorrhage, bladder or urethral injury, and infec- 
tion as in almost any other major surgical proce- 
dures. Specific to colposuspension, patients 
should be counseled on potential for postopera- 
tive voiding difficulty necessitating intermittent 
catheterization. Reported rates range from 3.5 % 
to as high as 32 %; however, most incidences 
were temporary and the risk for permanent uri- 
nary retention was estimated to be <5 % [9]. The 
presence of overactive bladder symptoms with 
stress incontinence (mixed with incontinence) 
preoperatively may resolve in most patients after 
suspension. Those with persistent overactivity 
may be treated with anticholinergic therapy, or 
even botulinum toxin therapy, neuromodulation, 
or augmentation cystoplasty. Another potential 
complication is the development or exacerbation 
of vaginal prolapse, especially apical and poste- 
rior. In one recent prospective study, 38 % of 
women who underwent colposuspension devel- 
oped symptomatic prolapse by 7 years [10]. 
Regarding laparoscopic surgery, there have been 
some studies reporting higher incidences of com- 
plications with bladder injury being the most 
common with laparoscopic procedures. It should 
be noted, however, that the same study reported a 
decline in injury with experience [11]. 

Laparoscopic colposuspension procedures 
were first described in 1991 and since then multiple 


studies have been published comparing outcomes 
between open and laparoscopic colposuspension. 
These studies vary in follow-up data and method- 
ology in assessing outcomes. One of the largest 
studies was a randomized trial carried out by 
Carey et al. [12]. They found no significant 
difference in urodynamic cure rate or patient sat- 
isfaction at 6 months, 24 months, and at a mean 
follow-up of 3.7 years. The COLPO trial found 
similar results with no difference in objective or 
subjective cure rates [13]. Of note, this trial found 
that while complication rates were low, more 
bladder and bowel injuries occurred in the lapa- 
roscopic arm and more wound infections occurred 
in the open approach [13]. 


Laparoscopic Sacrocolpopexy 


Unlike colposuspension surgery, the principles of 
the abdominal sacrocolpopexy have not changed 
since its initial description. The laparoscopic 
approach is described as follows. Again, patients 
undergo a bowel prep and are administered intra- 
venous antibiotics and subcutaneous heparin 
prior to the procedure. Patients are placed in low 
lithotomy and both the abdomen and vagina are 
prepped and draped in the usual sterile fashion. 
A 16 Fr Foley catheter is inserted to decompress 
the bladder. Pneumoperitoneum is achieved in 
the same manner described above with either the 
Veress needle or the Hasson trocar. Once 
15 mmHg of pressure is achieved, the camera 
port is inserted infraumbilically. At this point, the 
port placement varies slightly depending on 
whether the procedure will proceed with pure 
laparoscopy or with robotic assistance. When uti- 
lizing the robot, either docking may occur 
between the patient’s legs or side-docking to the 
left of the patient, allowing an assistant access to 
the vagina. 

Once ports are placed in appropriate position, 
patient is placed in steep Trendelenburg, 
thereby keeping the small bowel out of the pelvis. 
The rectum is slightly retracted to the left, expos- 
ing the right paracolic gutter and sacral promon- 
tory. An incision is made in the posterior 
peritoneum over the sacral promontory, taking 
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care to avoid any presacral and the middle sacral 
vein. Dissection is carried out until the anterior 
surface of the promontory is identified by the 
anterior longitudinal ligament. Attention is then 
turned to the vaginal cuff. An obturator (either a 
sponge stick or Deaver or anastomosis sizer) is 
placed in the vagina to identify the vaginal cuff. 
The peritoneum over the cuff is incised and care- 
fully dissected off of the vaginal cuff. Care must 
be taken to avoid complete perforation resulting 
in loss of pneumoperitoneum. 

A Y-shaped graft made of polypropylene mac- 
roporous monofilament must be utilized. The two 
short arms of the Y-shaped grafts are sutured to 
the exposed vaginal cuff using several permanent 
interrupted stitches, taking care to avoid the blad- 
der. The long end of the graft is then secured to 
the promontory. Excessive tension must be 
avoided and any excess length is carefully 
trimmed. The peritoneum is then closed over the 
graft over the sacrum and vaginal cuff with run- 
ning stitch. 

Potential complications from this procedure 
include hemorrhage (especially secondary to 
sacral vessel injury), bladder or bowel injury, 
ureteral injury, mesh infection and vaginal ero- 
sion, and ileus, and rates vary from 6 to 16 % 
[14]. There has been a concern of mesh erosion 
especially in the setting of combined hysterec- 
tomy and abdominal sacrocolpopexy. However, 
this has not been reported in the laparoscopic 
approach. 

Success rates for laparoscopic sacrocolpopexy 
are reported to be as high as 100 % in some series 
[15]. Very few studies compare laparoscopic 
sacrocolpopexy to the open abdominal approach 
but similar complication and success rates are 
reported [16]. There are multiple studies compar- 
ing transvaginal sacrospinous fixation with 
abdominal sacrocolpopexy with most reporting 
higher success rates with the abdominal approach 
[17]. In these studies, postoperative morbidity 
was higher in the transabdominal approach but 
one can argue that morbidity would decrease sig- 
nificantly given the minimally invasive nature of 
laparoscopy. 
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Laparoscopic Vesicovaginal 
Fistula Repair 


The initial step in fistula repair is cystoscopy. 
During cystoscopy, bilateral ureteral orifices are 
identified and stented. If possible, the fistulous 
opening is identified and also stented in order to 
facilitate dissection later. A Foley catheter is 
placed and kept accessible. The patient is then 
placed in supine position. Pneumoperitoneum is 
established as previously described. Camera port 
placement is usually umbilical with one working 
port in each midclavicular line. An assistant port 
is often placed in the left lower abdomen for 
retraction as well as suction and irrigation. Once 
the bladder is dissected off of the anterior vaginal 
wall, the bladder is filled with fluid and the wall 
is incised in the midline up to the edge of the fis- 
tula. A sponge stick should be placed in the 
vagina, not only for assistance in traction but also to 
maintain pneumoperitoneum. The vaginal wall is 
further dissected and separated from the bladder 
approximately 2 cm beyond the fistula. The vaginal 
defect is closed in two layers using absorbable 
suture. At this time, if omentum can be mobi- 
lized, it is sutured over the vaginal repair. The 
bladder defect is then closed in multiple layers. 
The bladder is then refilled to confirm a water- 
tight closure. A suprapubic catheter is placed 
extraperitoneally and an abdominal drain is also 
placed in the pelvis. 

Potential complications from transabdominal 
and transvesical repair of vesicovaginal fistula 
include vascular injury and bowel perforation. 
Another complication unique to fistula repair is 
ureteral injury especially if the fistula is located in 
close proximity to the ureteral orifice. Therefore, 
initial cystoscopy with catheterization of bilateral 
ureteral orifices is essential. The most important 
complication of vesicovaginal fistula repair is 
recurrence of the fistula. However, it should be 
noted that regardless of approach, vesicovaginal 
fistula repair success rates are often reported to be 
greater than 90 % [18]. Radiation-induced fistula 
has the lowest reported success rates (only 67 %). 
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Laparoscopic repair was first described in 1994 
[15] and robotic-assisted repair was described in 
2005 [19]. To date, very little is published on the 
outcomes of these procedures with most being 
small case series. The largest series was by Sotelo 
et al. [20] who described 15 patients who under- 
went laparoscopic repair. In that particular study, 
one patient did develop recurrence. 


Conclusion 


Since its advent in 1901, laparoscopy has 
advanced in leaps and bounds and has become a 
viable option in the treatment of pelvic dysfunc- 
tion. As increased concerns are raised over FDA 
warnings of vaginal mesh complications, there 
has been a rise in interest in alternative options 
such as transabdominal procedures. While trans- 
abdominal procedures have traditionally been 
attributed with increased patient pain and hospital 
stays, the application of laparoscopy has decreased 
these issues. The future role of laparoscopy and 
robotic-assisted laparoscopy in the treatment of 
pelvis dysfunction will continue to rise. 
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Symptoms Questionnaire (BFLUTS) 
Biofeedback, OAB, 127-128 
Biomaterials, pelvic repair 
abdominal sacrocolpopexy, 207 
anterior and posterior compartments, 207—208 
cadaveric tissue, 203 
collagen and elastin content, 203 
definition, 202 
natural (see Natural biomaterials) 
pelvic reconstructive surgery, 208 
POP, 201 
prosthetic materials, 207 
SUI, 203 
synthetic (see Synthetic biomaterials) 
Bladder. See Overactive bladder (OAB) 
Bladder injury 
LAH and VH, 251-252 
martius flap, 252 
Bladder outlet obstruction (BOO) 
diagnosis, 82 
postoperative, 82 
Bleeding, 40 
Bone anchors (BA), 84 
BOO. See Bladder outlet obstruction (BOO) 
Botulinum toxin-A (BTX-A) 
Clostridium botulinum, 136 
and DO (see Detrusor overactivity (DO)) 
dose optimisation, 150 
economics and cost, 148-149 
FDA approved terminology, products, 136 
injection techniques 
‘Dasgupta technique’, 146 
EMDA, 147 
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instillation, 148 
rat-based model, 148 
suburothelial, ‘bleb’, 147 
treatment, NDO, 146 
neuromuscular junction, 137 
NGF, 138-139 
presynaptic vesicular acetylcholine (ACh) 
release, 136 
sensation, bladder fullness, 138 
sensory signalling, 138 
urothelium release ATP, 138 
‘Botulism’, 136 
Bowel injury, 40 
Breisky—Navratil vaginal retractors, 191—192 
Bristol Female Lower Urinary Tract Symptoms 
Questionnaire (BFLUTS), 5 
BSW. See Benefit, Satisfaction and Willingness 
questionnaire (BSW) 
BT. See Behavioral therapy (BT) 
BTX-A. See Botulinum toxin-A (BTX-A) 
Burch colposuspension, 47 


C 
Cadaveric allografts, 204 
Colorectal and Anal Distress Inventory 
(CRADD, 6 
Colpocleisis, 246—247 
Colposuspension 
pneumoperitoneum, 272 
procedures, 273 
retzius, 272-273 
Complications 
female stress urinary incontinence (see Female stress 
urinary incontinence) 
and POP (see Pelvic organ prolapse (POP)) 
SUI surgery, 78-81 
TVT procedure, 39 
Controversies in pelvic organ surgery 
anterior compartment defects, 192 
CARE, 192 
FDA, 192 
hysterectomy, 194-195 
mesh kits, 192 
pain, 198 
POSUI, 196-197 
rectocele, 195-196 
sexual function and POP, 198 
transvaginal mesh use, 192-195 
Covidien V-loc™ sutures, 190, 191 
CRADI. See Colorectal and Anal Distress Inventory 
(CRADI) 
Cystocele 
MR defecography, 188 
VCUG, 187-188 


D 
‘Dasgupta technique’, 146 
Da Vinci robotic-assisted mesh sacrocolpopexy, 190-191 
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Defecatory dysfunction 
midline fascial plication improvement, 261 
site-specific repair, 261 
De novo urgency, 40 
Detrusor overactivity (DO) 
behavioral modification, 124 
bladder diary, 126 
and IDO, 143-146 
and NDO, 139-143 
neurogenic and non-neurogenic, 128 
DGN. See Dorsal genital nerve (DGN) 
DO. See Detrusor overactivity (DO) 
Dorsal genital nerve (DGN) 
clinical experience, 180 
electrodes, 179 
Dyspareunia, 40, 55, 187, 190, 261 


E 
Electromotive drug administration (EMDA), 147 
Electromyography (EMG) 
amplitude and latency measurement, 179 
electrode placement, 178-179 
Embryonic stem cells (ESCs) 
“best” ESCs, 119 
EC research, 117—118 
gene expression, hESCs and iPSCs, 118-119 
karyotype, 118 
and multipotent adult, 116 
polyploidy tolerance, 118 
research, 117-118 
EMDA. See Electromotive drug administration (EMDA) 
EMG. See Electromyography (EMG) 
ESCs. See Embryonic stem cells (ESCs) 
Extrusion, 54 


F 
Fascia lata, 204 
Fascial slings 
combined abdominal vaginal approach, 71 
complications, 72 
Crawford, curved clamp, 73 
fascia lata, 73—74 
female SUI, 71 
finger dissection, 73 
Foley catheter, 73 
ISD, 71 
Panel’s meta-analysis, 72 
postoperative problems, 74 
preoperative counseling, 72 
retropubic tunnels, 73 
Schurback, vaginal retractor, 73 
synthetic slings, 71-72 
treatment success, 72 
urethral mobility patients, 72 
urethral reconstruction, 72 
Urinary Incontinence Treatment Network’s SISTeR 
Trial, 72 
FDA. See Food and Drug Administration (FDA) 
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Female pelvic medicine, imaging 
lower urinary tract and pelvic organs 
bladder volume measurement, 10 
cystogram, 10 
cystourethrography, 11 
urethral mobility, 10 
VCUG, 10 
upper tract and collecting system, 10 
Female Sexual Function Index (FSFI), 6 
Female stress incontinence 
definition, 35 
fascial slings (see Fascial slings) 
prevalence, 35 
RCT, 36 
Female stress urinary incontinence. See also Retropubic 
midurethral synthetic slings 
BA, 84 
bladder injury, 80 
bowel injury, 81 
intraoperative complications 
bleeding, 78-79 
urinary tract injury, 79 
nerve injury, 84 
operative technique, 78 
postoperative complications, 85-86 
reversible factors, 78 
sexual dysfunction, 84-85 
SUI, 77 
ureter, 80 
urethra, 79-80 
vaginal extrusion and urinary tract erosion, 83-84 
voiding dysfunction and urinary retention, 81-83 
Female urinary incontinence, TOT, 47-48 
Fistula, 254 
Fluoroscopy in urodynamics 
multichannel UDS (see Multichannel urodynamics) 
uroflowmetry, 16-17 
urolog (see Urolog) 
Food and Drug Administration (FDA) 
approved terminology, BTX products, 136 
and MHRA approval, 150 
POP, mesh patients, 194 
FSFI. See Female Sexual Function Index (FSFI) 


G 

Genital prolapse, 213 

Gram stain technique, 136 
Guillain-Barre syndrome, 111 
Gynecare prolift™, 233 


H 
hESCs. See Human embryonic stem cells (hESCs) 
Human embryonic stem cells (hESCs), 118-119 
Hysterectomy 

median mesh erosion rate, 194 

SCP, 195 

SSH, 195 

TAH, 194-195 
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I 
Idiopathic detrusor overactivity (IDO) 
AbobotulinumtoxinA, 145 
OnabotulinumtoxinA, 143 
phase II dose escalation, 143 
PVR, 144 
repeated injections, 145-146 
IDO. See Idiopathic detrusor overactivity (IDO) 
TIQ. See Incontinence impact questionnaire (IIQ) 
Iliococcygeus suspension procedure, 257 
Implantable pulse generator (IPG), 160 
Incontinence 
International Consortium, 159 
SNS, 165 
stress/fecal, 159 
Incontinence impact questionnaire (IIQ), 5 
Induced pluripotent stem cells (iPSCs), 118-119 
International Consultation on Incontinence Modular 
Questionnaire (ICIQ-SF), 6 
The International Continence Society (ICS) technical 
report, 17, 21 


International Urogynecological Association (IUGA), 266 


Interstim. See Sacral neurostimulation (SNS) 

Intrinsic sphincter deficiency (ISD), 41 

Intrinsic sphincter dysfunction (ISD), 71 

IPG. See Implantable pulse generator (IPG) 

iPSCs. See Induced pluripotent stem cells (iPSCs) 

IUGA. See International Urogynecological Association 
(AUGA) 


K 

Kit repairs, POP 
Apogee™, 234 
description, 233 
Gynecare prolift™, 233 
incisions, 234 
Pinnacle®, 235 
Posterior elevate®, 234 


L 
LAH. See Laparoscopic-assisted hysterectomy (LAH) 
Laparoscopic-assisted hysterectomy (LAH), 251-252 
Laparoscopic-assisted vaginal hysterectomy (LAVH) 
distal rectocele, 189 
enterocele defect, 189—190 
gel defecation, 189 
urethra and bladder base, 188—189 
VCUG, 190 
Laparoscopic techniques 
abdominal sacral colpopexy, 242 
description, 241—242 
sacrocolpopexy, 242 
uterine sparing prolapse surgery, 242-243 
uterosacral ligament suspension, 242 
Laparoscopy 
colposuspension, 272-273 
sacrocolpopexy (see Sacrocolpopexy) 
vesicovaginal fistula, 274-275 
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LAVH. See Laparoscopic-assisted vaginal hysterectomy 
(LAVH) 
Leg pain, 56 
Lithotomy, 214 
Lower urinary tract (LUT) 
gynecologic surgery, 251 
prolapse surgery, 250 
LUNA ambulatory urodynamics apparatus, 30, 32 
LUT. See Lower urinary tract (LUT) 


M 
Male UI 
and AUS (see Artificial urinary sphincter 
(AUS)) 
control pump, 103 
cystoscopy, 102 
laboratory, 102 
and PRB (see Pressure-regulating balloon 
(PRB))urodynamics, 102 
voiding diary, 101—102 
Maximum urethral closure pressure (MUCP) 
and ALPP, 23, 25 
occlusive quality, urethra, 26 
Mesh 
AJUST™, 66-67 
distortion, 65 
inserters separation, 62 
MiniArc, 64 
polypropylene, 60, 62, 64—66 
sub-urethral, 66 
tension-free placement, 62 
TVT-Secur, 62 
violet-dyed PDS, 60-61 
Mesh-augmented POP-related complications 
kits 
AMS, 263 
epithelial separation, 267 
exposure, 263-264 
IUGA, 266 
pain, 264-265 
PHN, 263 
POP surgery, 262 
proliferation, 263 
removal, 265—266 
vaginal pain and dyspareunia, 266 
pain 
bone, 265 
evaluation, 264 
muscle, 265 
nerve damage, 264 
pudendal and sciatic nerve, 264 
viscera, 265 
removal 
compartment, 266 
organ erosion, 265 
pain, 265-266 
Mesh erosion and sexual function 
exposures, perigee and apogee, 223 
numbers sexually active, 223 
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outcomes, operation, 223 
risk factor parameters, 224 
Mesh for pelvic organ prolapse. See Vaginal mesh 
Mesh in pelvic repair. See Biomaterials, pelvic repair 
Mid-urethral slings 
BA, 84 
bladder, 80 
single-incision slings (SIS), 60 
synthetic, 59 
voiding dysfunction, 82 
Midurethral tapes for incontinence, 120 
MiniArc Precise, 64—65 
Minimal invasive surgery, apical prolapse 
colpocleisis, 246-247 
laparoscopic techniques, 241-243 
POP, 244-2434 
robotics, 243 
vaginal mesh, 243-244 
Minimally invasive abdominal surgery 
colposuspension, 272-273 
diagnostic work-up, 271 
indications, 271—272 
sacrocolpopexy, 273-274 
urinary incontinence, 271 
vesicovaginal fistula repair, 274-275 
Mini-sling, 60, 68 
MUCP. See Maximum urethral closure pressure (MUCP) 
Multichannel urodynamics 
advantages, 21 
ambulatory, 30, 32 
cystometry (see Pressure-flow study) 
electromyography, 28-31 
International Continence Society classification, 21 
invasive multichannel, 17—18 
POP, 20 
resting UPP 
ALPP, 27-28 
maximum urethral closure pressure, 26—27 
micturitional, 28—29 
pressure transmission ratio, 27 
stress, 27—28 
urethral relaxation incontinence, 26—27 
voiding, 28 
stress-induced detrusor overactivity, 20 
surgical intervention, 19-20 
transducer requirements, 18 
UPP, 17-18, 26 
urethral relaxation type voiding pattern, 20 
video-urodynamics, 30-32 


N 
Natural biomaterials 
advantages, 203 
cadaveric allografts, 204 
fascia lata, 204 
rectus fascia, 203—204 
xenograft, 204-205 
NDO. See Neurogenic detrusor overactivity (NDO) 
Nerve growth factor (NGF), 138, 139 
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Nerve stimulation, PN. See Pudendal nerve (PN) 
stimulation 
Neurogenic detrusor overactivity (NDO) 
antimuscarinics, 139 
OnabotulinumtoxinA injections, 141 
patient satisfaction, 140 
repeated injections, 142-143 
tolterodine, 139 
UI, urodynamic and I-QOL results, 139-141 
Neuromodulation. See also Sacral neurostimulation 
(SNS) 
OAB, 171 
for overactive bladder, 171 
posterior tibial nerves, 172-173 
Neurostimulation, OAB, 179 
NGF. See Nerve growth factor (NGF) 


O 
OAB. See Overactive bladder (OAB) 
OAB-SS. See Overactive bladder symptom score 
(OAB-SS) 
OAB-V8. See Overactive bladder awareness tool 
(OAB-V8) 
OnabotulinumtoxinA 
antimuscarinics usage, 139 
injections, OAB symptoms, 141 
NDO, 139, 140, 142 
urinary frequency, 143 
Overactive bladder (OAB) 
AMS, 123-124 
and BT (see Behavioral therapy (BT)) 
conservative therapy, 123 
electrical stimulation, 128 
filling and voiding phase, 129, 130 
surgery, 128-129 
surgical treatment, 124 
syndrome, 171 
treatment, 171 
urodynamic tracing, 129 
Overactive bladder awareness tool (OAB-V§8), 5 
Overactive bladder symptom score (OAB-SS), 5 
Overactive bladder (OAB) treatment 
PNS, 180 
and SNS, 177 


P 
Patient Global Impression of Improvement (PGI-I), 7 
Pelvic dysfunction. See Minimally invasive abdominal 
surgery 
Pelvice floor urodynamics, 15. See also Urolog 
Pelvic floor distress inventory (PFDI), 6 
Pelvic floor impact questionnaire (PFIQ), 6 
Pelvic floor muscle therapy (PFMT) 
and biofeedback, 127—128 
and BT, 123, 124 
Pelvic organ prolapse (POP) 
abdominal examination, 7 
anaesthesia, 214 
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Pelvic organ prolapse (POP) (cont.) 


anatomy, 227 
atrophic tissue, 8 
bimanual exam, 8 
biomaterials, 207—208 
bowel contents, digital evaluation, 9 
Breisky—Navratil vaginal retractors, 191-192 
complications 
bladder injury, 251-252 
bleeding, 249-250 
classification, 250, 251 
evaluation, 250 
failure rate, 254 
fistula, 254 
LUT, 250-251 
mesh kits, 262—267 
nerve injury, 254 
predisposing factors, 249 
transvaginal POP repairs (see Transvaginal POP 
repairs) 
ureteral injury, 252 
urinary incontinence, 252—254 
controversies (see Controversies in pelvic organ 
surgery) 
Covidien V-loc™ sutures, 190, 191 
cystocele, 187—188, 214 
Da Vinci robotic-assisted mesh sacrocolpopexy, 
190-191 
estrogenized tissue, 8 
etiology, 227-228 
extra-urethral urine, 8 
genital prolapse, 213 
gynecological examination, 8 
hydrodissection, full thickness and remodelling, 222 
ileococcygeus suspension, 246 
indications/patient selection, 228-229 
instruments, retractors and suture materials, 214 
laparoscopic rectocele repairs, 235 
LAVH, 188-190 
lithotomy, 214 
lower extremity edema, 7 
LUTS patients, 18—20 
management, 185 
manchester repair, 185 
mesh erosion and sexual function, 223—224 
“meshology”, 186 
neurologic examination, 9 
obesity, 7 
pad testing, 10 
patient factors, 187 
Perigee™ system, 213-214 
POP-Q, 8 
post-operative orders and management, 223 
post void residual (PVR), 9-10 
prevalence, 228 
pyridium pad test, 8 
quantification system, 9 
rectoceles, 227 
robust anterior compartment, 213 
sacral promontory, 244 
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sacrocolpopexy, 185 
sacrospinous ligament fixation, 245 
Stamey single prong needle passers, 191 
stapled transanal rectal resection, 235-236 
and SUI, 201 
surface anatomy, 214-215 
surgeon factors, 187 
surgical practice, 244 
surgical repair, 186 
symptomatic/voiding dysfunction, 213-214 
traditional surgery, 201 
transvaginal mesh, 185-186 
treatment, 202 
TVT procedure, 42 
UDS and, 20 
urethral hypermobility, 8 
urethral meatus, 8 
urinalysis, 9 
uterosacral ligament suspension, 245-246 
vaginal approaches (see Vaginal approaches) 
vaginal prolapse, 186 
vaginal repair surgery (see Vaginal repair surgery) 
Pelvic organ prolapse quantification index (POP-Q-I), 
8-9 
Pelvic organ prolapse quantification system (POP-Q), 8 
Pelvic repair materials. See Biomaterials, pelvic repair 
Percutaneous tibial nerve stimulation for overactive 
bladder, 171 
Percutaneous tibial nerve stimulator (PTNS) 
needle insertion site, 174—175 
needle position, 174, 175 
neuromodulation (see Neuromodulation) 
OAB, 171 
patient position, 174 
stimulator, 174, 175 
treatment interval, 175 
Perigee™ system 
description, 218-219 
inferior/grey needles, 219-220 
pink needles, 219 
tensioning, 220-221 
PFDI. See Pelvic floor distress inventory (PFDI) 
PFIQ. See Pelvic floor impact questionnaire (PFIQ) 
PFMT. See Pelvic floor muscle therapy (PFMT) 
PGI-I. See Patient Global Impression of Improvement 
(PGIL-D 
PHN. See Public health notifications (PHN) 
Pinnacle® kit, 235 
POP-Q. See Pelvic organ prolapse quantification system 
(POP-Q) 
POP-Q-I. See Pelvic organ prolapse quantification index 
(POP-Q-I) 
Posterior colporrhaphy 
attention, 229 
prerectal fascia, 230 
prolapse and colorectal scales, 231 
rectocele repair, 229 
tissue comprising, 229-230 
Posterior elevate®, 234 
Posterior prolapse. See Pelvic organ prolapse (POP) 
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Posterior tibial nerve 
bladder overactivity, 172 
detrusor overactivity, 172 
etiology, 173 
outcomes, 173-174 
placebo-controlled trial, 174 
stimulation, 172 
Posterior vaginal repair complications 
defecatory dysfunction, 261 
dyspareunia, 261 
intraoperative, 260-261 
obliterative procedures, 261—262 
recurrence, 261 
symptoms, 260 
transanal approach, 260 
Post void residual (PVR), 144, 145, 148 
PRB. See Pressure-regulating balloon (PRB) 
Pressure-flow study 
abdominal leak point pressure, 23-25 
bladder compliance, 25 
detrusor overactivity, 23 
fluid perfusion urodynamic catheters, 21—22 
6Fr double-lumen cystometry catheter, 
21-22 
measurement systems, 21 
multipurpose UDS chairs, 21-22 
voiding phase, 25-26 
Pressure-regulating balloon (PRB) 
placement, 103 
replacement, 107 
slow leak, 108 
Prosima™, 222 
Public health notifications (PHN), 263 
Pubovaginal slings, 47-48, 71 
Pudendal nerve (PN) stimulation 
anatomy, 177-178 
clinical outcomes, 179 
description, 177 
DGN, 179 
‘electrode’ system, 178 
EMG, 178-179 
experimental studies, 179 
indications, 180 
nerves, 178 
SNS, 177 
surgical access, 178 
PVR. See Post void residual (PVR) 


Q 


Questionnaire for urinary incontinence diagnosis 
(QUID), 5 

QUID. See Questionnaire for urinary incontinence 
diagnosis (QUID) 


R 

Randomized controlled trial (RCT), 36 

RCT. See Randomized controlled trial (RCT) 
Rectal hernia, 227 


283 


Rectoceles 
description, 195-196 
SSR, 196 
surgical management, 196 
Rectus fascia, 203—204 
Recurrent bladder neck contracture and AUS, 
98-99 
Recurrent incontinence, 55-56 
Retropubic midurethral synthetic slings 
complications 
perioperative, 40 
postoperative, 40 
rates, TVT procedure, 39 
concomitant pelvic organ orolapse surgery, 42 
efficacy 
incontinence treatment, TVT vs. procedures, 39 
retropubic midurethral slings, result, 37—38 
retropubic MUSSs, tape placement approach, 
37-39 
ISD, 41 
mixed urinary incontinence, 40-41 
recurrent SUI, 41 
retropubic MUSS, obese and elderly, 42 
surgical procedure 
blunt dissection, 36 
18-Fr Foley catheter, 36 
local anesthetics, 36 
suprapubic arc sling kit, 37 
trocar passage, 36-37 
TVT procedure, development 
commercially available, 36 
randomized controlled trial (RCT), 36 
retropubic MUSS procedure, 35-36 
sphincter and urethral support, 35 
Retropubic polypropylene tape (RPT), 59 
Retropubic suspension 
bleeding, 78 
sling, 83 
urethra, 79-80 
Retropubic tape (RPT), 60 
Rigid cystoscopic technique, 146, 147 


S 

Sacral neurostimulation (SNS) 
action mechanism, 158 
cost considerations, 164-165 
implantation procedure, 163—164 
management, 166 
OAB, 157 
outcomes, 165—166 
and PNS, 179 
psychological considerations, 160 
sensory responses, 166-167 
symptoms, 157—158 
terminology, 159-160 
test procedure, 160-163 
urge incontinence, 159 
urinary frequency and urgency, 158 
urinary tract dysfunction, 177 
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Sacrocolpopexy (SCP) 
mesh erosion, 274 
pneumoperitoneum, 273 
polypropylene macroporous monofilament, 274 
rectum, 273-274 
Y-shaped grafts, 274 
Sacrospinous hysteropexy (SSH), 195 
Sacrospinous ligament fixation (SSLF), 245, 
256-257 
Sexual dysfunction 
dyspareunia, 85 
female, 85 
SUI, 84-85 
Single-incision slings (SIS), 60-61 
SIS. See Single-incision slings (SIS) 
Site-specific repairs (SSR), 196 
Sling 
bladder, 80 
complications, 77 
extruded multifilament, 83 
midurethral polypropylene, 77 
placement, 83 
single incision, 85 
stress incontinence, 78 
urethral injury, 79 
voiding dysfunction, 82 
Slings for incontinence 
bone anchor bulbourethral 
complications, 110 
tension, 109 
transobturator bulbourethral 
eroded mesh, 111 
short-term urinary retention, 111 
trocars, 110 
Solyx™ SIS system, 65—66 
SSLF. See Sacrospinous ligament fixation (SSLF) 
Stamey single prong needle passers, 191 
Stem cells 
safety 
EC research, 117—118 
hESCs and iPSCs, 118-119 
karyotype, ESC, 118 
sources 
adipose-derived, 117 
bone marrow, 116-117 
muscle-derived, 117 
and SUI (see Stress urinary incontinence (SUI)) 
Stress incontinence, 19-20, 77, 78 
Stress urinary incontinence (SUI) 
burch colposuspension, 47 
definition, 3—4, 59 
fascial slings (see Fascial slings) 
female, 71, 72 
AJUST™, 66-67 
MiniArc, 64-65 
SIS, 60 
Solyx™ SIS system, 65—66 
TVT-Secur System, 60-62 
midurethral slings, 60 
and POP, 201 
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postoperative adverse outcome (see Transobturator 
tapes) 
preoperative, 40 
prevalence, 203 
pubovaginal sling, 47, 59 
‘pure SUI’, 20 
recurrent, 41 
retropubic midurethral synthetic slings (see 
Retropubic midurethral synthetic slings) 
RPT, 59 
and stem cells 
adipose-derived, 117 
bone marrow, 116-117 
clinical trials, 116, 117 
EC research, 117-118 
embryonic and adult, 115-116 
growth factor, 119 
hESCs and iPSCs, 118-119 
karyotype, ESCs, 118 
killer antibodies, 119 
midurethral tapes, 120 
muscle-derived, 117 
pluripotent ESCs and multipotent adult, 116 
regenerative medicine, 116, 119 
suicide gene, 119 
transobturator tape (see Transobturator Tape (TOT)) 
treatment, 203—204 
TVT, 47, 59 
urinary incontinence, 35 
SUI. See Stress urinary incontinence (SUI) 
Surgery for female incontinence, 84 
Suspect urinary incontinence, evaluation, 3 
Synthetic biomaterials 
classification, 205 
macroporous monofilament materials, 206 
properties, 207 


T 
Tension-free vaginal tape (TVT), 59 
Test procedure, SNS 
IPG, 160 
lead migration, 162-163 
neural response, 161—162 
permanent leads, 161 
quadripolar-lead test, 162 
temporary leads, 160-161 
TOT. See Transobturator tapes (TOT) 
Transabdominal POP-related complications, 257, 258 
Transobturator tapes (TOT) 
adverse events, 50 
Allis clamp, 51 
bladder perforation, 50 
de novo urgency, lower rate, 49, 56 
detrusor overactivity, resolution rate, 50 
dorsal nerve of clitoris (DNC), 47-48 
dyspareunia, 55 
excess tape removal, 54 
extrusion, 54 
Foley catheter, 51, 53 
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Genitofemoral fold, 52—53 
hysterectomy, 51 
ISD patients, 49 
leg pain, 56 
Levator Ani and ischiopubic ramus edge, 52 
midurethral sling, 47 
obstructive voiding dysfunction, 50 
patient continence status, 50 
randomized controlled trials, review and 
meta-analysis, 49 
recurrent incontinence, 55—56 
right angle clamp, 53 
stab incisions, 52 
SUI treatment, 48 
tension-free sling, 47 
transabdominal midurethral slings, 50 
tunneler needle, 52 
TVT midurethral sling, 48—49, 50 
urethral and vesical erosion, 54-55 
urinary retention and obstruction, 54 
urinary tract infection, 55 
vaginal extrusion, rate, 50 
vaginal wall, dissection, 51 
Valsalva leak point pressure, 49 
Transvaginal mesh 
anterior compartment defects, 192 
evidence, 193 
MAUDE database, 192-193 
placement, 193 
subjective cure, 192 
vaginal mesh, 193-194 
Transvaginal needle suspensions, 77 
Transvaginal POP repairs 
anterior compartment (see Anterior compartment, 
POP repairs) 
ASC, 259-260 
hysterectomy, 258, 259 
posterior vaginal repair complications, 260-261 
transabdominal procedures, 257 
uterine suspension, 258 
uterus, 257—258 
Trigone inclusive technique, 148 
TVT. See Tension-free vaginal tape (TVT) 
TVT-Secur system 
cure rates, 63 
efficacy rates, 64 
failure and complication rates, 63 
“hammock” position, 62—63 
poly-p-dioxanone (PDS) yarn, 60 
procedure, 62 
vs. TVT-O system, 64 
“U” position, 62 
U-type technique, 63 
violet-dyed PDS, 60 


U 

UDI. See Urinary distress inventory (UDI) 
Uphold™, 222 

UPP. See Urethral pressure profilometry (UPP) 
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Urethral and vesical erosion, 54-55 
Urethral atrophy 


AUS surgery, 108 
chronic compression, spongy tissue, 107 


Urethral atrophy after artificial urinary sphincter, 97 
Urethral erosion, 74 
Urethral pressure profilometry (UPP) 


multichannel UDS, 17-18 
resting 
ALPP, 27-28 
maximum urethral closure pressure, 26—27 
micturitional, 28—29 
pressure transmission ratio, 27 
stress, 27—28 
urethral relaxation incontinence, 26-27 
voiding, 28 


Urge urinary incontinence, 141, 144, 149 
Urinary distress inventory (UDI), 5 
Urinary incontinence 


de novo stress, 253 
mixed, 92 
OAB, 253-254 
postoperative, 252-253 
recurrent, 96, 97 
severe, 95, 96 
stress, 91-92, 95, 96 
rinary incontinence (UI). See Male UI 
rinary incontinence evaluation. See Pelvic organ 
prolapse (POP) 
rinary retention and obstruction, 54 
rinary sphincter. See Artificial urinary sphincter (AUS) 
rinary tract erosion, 40 
rinary tract infection, 55 
rinary tract injuries in POP. See Lower urinary tract 
(LUT) 
roflowmetry 
definition, 16 
flow—volume nomograms, 17, 18 
hypervoider, peaked pattern, 17, 19 
ICS technical report, 17 
normal uroflow curve, 17 
uroflow curve patterns, 17 
uroflowmeters, 17 


Urolog 


bladder diary prototype, 15-16 

diary duration, 16 

frequency-volume chart, 16 

functional bladder capacity, 15-16 
micturition chart, 16 
urgency/incontinence/pain, quantification, 16 


Urologic history taking 


bladder sensation, 4 
constipation, 4 

diabetes mellitus, 5 
fluid/voiding diary, 4 
insensate incontinence, 4 
menopausal status, 4 
pelvic organ prolapse, 4 
prolapse symptom, 4 
severity of incontinence, 3 
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Urologic history taking (cont.) 
sexual symptoms, 4 
storage symptoms, 3 
SUI, 3—4 
urinary incontinence, 3 
urinary tract infections, 4 
voiding symptoms, 4 
Urologic questionnaires 
BFLUTS measures, 5 
BFLUTS-sex, 6-7 
BSW, 7 
CRADI, 6 
FSFI, 6 
Kings Health questionnaire, 5—6 
OAB-S, 7 
OAB-specific measure, 6 
OAB-SS, 5 
OAB-V8, 5 
patient’s quality of life, 5 
PFDI, 6 
PFIQ, 6 
PGI-I, 7 
PISQ, 6 
QUID, 5 
single question global measures, 6 
UDI and IIQ, 5 
Uterine sparing, 195 
Uterine sparing prolapse surgery, 242-243 
Uterosacral ligament suspension (USLS) 
intraoperative complications, 256 
postoperative complications, 256 


Vv 

Vaginal approaches 
defect-specific repair, 231-232 
graft-augmented repairs, 232-233 
kit repairs, 233-235 
posterior colporrhaphy (see Posterior colporrhaphy) 
preoperative and surgical preparations, 229 
prerectal and pararectal fascia, 231 

Vaginal extrusion and urinary tract erosion 
factors, 83-84 
sling, 83 

Vaginal hysterectomy (VH), 251-252 

Vaginal mesh 
Apogee system, 243 
prolift kit, 244 
transvaginal mesh, 244 
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Vaginal pain, 198 
Vaginal repair surgery 
anchoring suture, 216 
anchor, obturator internus muscle, 217, 218 
Anterior elevate™, 220 
closure, 2/0 Vicryl, 220 
‘grey bubble’, 215, 216 
hydrodissection, 215 
mesh locked, place, 217, 218 
pelvic wall dissection, 216 
Perigee™, 218-220 
Prosima™, 222 
sacrospinous ligament, 216, 217 
sacrospinous anchor, 216, 217 
UPHOLD"™, 222 
‘visually unpleasing’, 217, 218 
Vaginal vault suspension surgery 
laparoscopic, 243 
pelvic structure, 244 
physiologic approach, 245 
Vaginal wall plications, 77 
Valsalva leak point pressure (VLPP), 41 
Vascular injury, 40 
VCUG. See Voiding cystourethrogram (VCUG) 
Vesicovaginal fistula 
cystoscopy, 274 
laparoscopic repair, 275 
transabdominal and transvesical repair, 274 
VH. See Vaginal hysterectomy (VH) 
Videourodynamics (VUD), 123-124, 
129-130 
VLPP. See Valsalva leak point pressure 
(VLPP) 
Voiding cystourethrogram (VCUG), 187-188 
Voiding dysfunction and urinary retention 
BOO, 81 
incidence, 81 
lower urinary tract symptoms, 81-82 
sling, 82-83 
VUD. See Videourodynamics (VUD) 


x 
Xenograft, 204-205 


Y 
YIPS. See York Incontinence Perception Scale (YIPS) 
York Incontinence Perception Scale (YIPS), 6 


